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ABSTRACT , : 
_ A simulation: system capable of supporting human 
factors experiments in the development of.military training devices 
is described. The first phase of the study consisted of (1) a review 
‘of tasks performed by the operators of different types of ailitary 
simulation systems, (2) an analysis of problems experienced in the 
' development of. devices for such training tasks, and (3) the 
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The second phase of the project resulted in the formulation of design 
recommendations, and a five-year implementation plan to permit system 
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STUDY TO DETERMINE THE REQUIREMENTS . 
. :-FOR AN EXPERIMENTAL TRAINING SIMULATION SYSTEM 


ABSTRACT 


The purpose of this atuay was to destea: a simulation wyeteu 
capable of supporting human factors experiments in the devel- 
opment of training. device designs. The study was performed 
in two phases. The first phase consisted of a review of tasks 
performed by the operators of four general types of military 
- systems, an analysis of problems experienced in the develop- 
‘ ment of devices for training these tasks and the identifiea- 
tion of design areas in which experimentation is required. 
Five design areas were identified, including: (1) design 

of the tratnee station for training specific tasks and under 
“particular circumstances, (2) the’ effects of various levels 
of system fidelity on training, (3) determining requirements 
‘for representation of the environment outside the operator's 
(trainee's) station, (4) development of techniques for auto- 
mated training, and (5) development of effective instructor 
station designs, The second study phase produced system 

' design recommendations and a five-year implementation plan, 
to permit system procurement in five relatively discrete 
incremental modules. Each of the five modules can be em- 
ployed independently, arid each can, also be integrated with 
the preceding pracurement to provide additional, integrated 
functions. ,Procurement and integration of all five modules 
will: provide a total capability SOREESEENE with the overall 
purpose of the study. ; 
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‘ FOREWORD 

. This study had as one bf its objectives the specification of require- 
ments for a generalized simulation system.in which the important 
functional characteristics of training systems can be simulated and 
analyzed. A review was made of various major training devices to 
identify operational areas requiring research, Another objective was 
the planning and design of the equipment, housing facilities, and 
personnel staffing. aa 
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The Experimental Tyaining- -sifnulation System (ETSS) will provide 
the capability to assemble, in building block fashion; various types of 
simulators such as procedural, part task, whole task, etc. Each 
module will be designed to provide a distinct experimental capability. 
Additional capability will’ result from the combined utilization of two 
or more modules. Conceivably, some experimentation will utilize all 
modules as a complex system. A modular design concept is con- 
See preferable to an array of various individual simulator designs. 
It will provide flexibility and enable the degree of simulation to be 
adjusted in manipulating a wide varjety of training alternatives toa 
given problem. This feature will permit evaluation of the training 
effects of different kinds of individual and group practice ona single 
task in advance of specific trainer system development. Another, 
advantage in the modular approach is'that it results in less overall 
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in keeping with the implementation plan, the ETSS would, evolve 

over a period of approximately five years. Consequently, the staff 

: op aaaine can be acquired in increments, with the experience _ 
. gained in the early years being used to modify the plan, if necessary. 
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Follow-on work will be directed at implementing the ETSS and con-’ 


ducting experimentation as permitted by the build up of the hardware a! . 
_ configurations. A variety of disciplines, including training psychologists, a, 
systems engineers, and computer personnel wiljeparticipate in this : : 


developmental phase. The hardware and software will be tested as 
components and subsystems are completed, Tests of the total system 
will be ‘conducted by-the staff during the final phase of the development. — 
, As an aid to the reader in following the development of the entire 

study, a foldout is provided-on pagesM-21/M-22(Figure 44, ETSS Study 

Overview). : 
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“oe. Ta. A twoe phase. ud: was performed to identify areas of 
; human factors ‘experimentation required to develop: "effective 
’ . training deviee design and ‘use, ‘and to explore and. identify. 
“methods for implementing experimentation’ reqiirements.’ «The 
* . Study was performed in support of the Naval Trainin ‘Device - 7 
’ Center, Human Factors Labgratory, whose’ major functi@:is’to | -’ 
—— a - supply gata and interpretations on the hatare of: eo for | ‘ 9 
Le ’ which training is required, of the’ adequacy of the various . . 
a. * potential approaches for meet ing these needs, -and on the = 
a. nature of: the psychological processes associated with. the de~ _ “4 
sign, iia and evaluation’ of training equipment and ‘ . 7° 
Systems. " oe .. an “s , 
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Relevant data fre available: on which to base design of 

- | dévices for training operational tasks and -skills,.however, . 

’ specific design questions can be’ adequately answered only. ; 

_ through thé acquisition “of: new data, because of the unique- j 
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ge ness- of the ‘task or its. :operational context and/or because : 
e @ of- néw information in the area of training technology. In 
: _these cases, capabilities. are essential for génerating objec-— 
7." tive experimental information on which to base specific de- a 5 
J, .wiee and’ system design characteristics, and to prescribe © i el 


methods of training device usg,: 

: Phase I of the study resuited’ in identification of five ; 
s+" "8". areas in which expérimentation is needed in supplying human | 
a factors data and interpretations in the deve lopment of effec- — | 
. "+ tive training device- designs:- 1) the design of the trainee | 
_ -station for trainjng specific tasks and under particular cir~ i. 
‘scumstances; 2), needs fdr various levels of, system fidelity; - : 

aa 3) determining’ requirements, for representation: of ‘the environ~ i. 
* "ment outside the operafor's (trainee! s) station; ‘4) develop-. * od 
7 7. ment of techniques. and methods, for ‘automated ,training; amd — 
, 5) development of effective instructor station designs for ! 
; ‘ : a variety. of, training evices. ys . . a 
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Phase IL explored, various aye of iepiene ee these a 

five experiment requiréments, A . fi can si 

. \ . : : % ; 2 : 
, Initial at tenipts” at deve loping discrete apprbaches for | 
e@ . *@ach of the five aN identified areas of high redundancy ; | 
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xépreséntation of Giepleye at ‘the- operator | s ‘station’ normally 
employs the same equipment: as does the Synthesis of an experi- 
mental instructor’ s' station; communications chanfels designed 
“to permit’tactical unit leaders to "war game" aré also used 
, In relaying instruct fons-+from a computer or an instructor to: 
a Subjéct,in a computer-based instructional experiment. . As 
a, corisequence of this overlap,’ experimental . training simula- ; 
tiort .task components were selected; assembled and organized 
to. Suppeer all of the, required ‘experiment functions. 
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rhe “eboracaey system described in this report is refer-. 
réd to as the Experimental Training-Simulation System-~(ETSS). 
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SECTION II : 
“4° # - STATEMENT’ OF THE anes — 
a . 


,It ‘was the purpose of ihe study to define che capa iii= 
ties and requirements sof a laboratory system capable of -ob- 


_ tainting -quantitative information for use in the development 
Of training device design and utilization concepts, and to 
‘facilitate optimum dévice and system training -effectiveness. 


The first step in-fulfilling this function was to ‘identify 
the prob@ms requiring -specific laboratory capabilities. The r 
spectrum of training device design problems encoyintered - by 
Naval Training Device. Center ranges from infan y rifle. 
trainers to automated comp lex vehicle trainers like the 
Synthetie Flight Training System (Devilcé 2B24). In order to 


, provide a ‘simulation system capable of supporting.e»periments 
‘ in all. problem areas,’ the tdsk elements of representative 


types of operational systems had to be defined. The majyot 
design goal of the Experimental Trainling- Simulation System 
(ETSS) was to allow experimentation in ‘the greatest number of 
areas through flexibte | programming ay pd hardware design, 


A major requirement of the bystel m désign was for a general’ 


simulation capability in which the important “functional char-. 
acteristics of a wide variety of training devices caul¢ 
identified, simulated and evaluated. As a corollgry 
ment ,. it was essential that the system facilitate evalhiation 


OF training strategies: applicable to the systems operational 


use, and that it provide a test bed for. development of teth- 
niques -to be used in field evaluations of existing and poten- 


‘eidgeeraingng Systems. .A® principal use of the resulting | 


system will be to define characteristics and speeificatiaqn 
requirements for new training devices.’ Appendix B ificludes 

a matrix of the types of human factors design, question that. 
might be raised to define a system such as Device 2¥88, the- 
F4J Weapon System Trainer. _ Device 2F88 was chosen for review 
because of its relative complexity in the tnventory of. train- 
ing devices and systems and becayse, as such, it touches on . 
an unusually wide range of perceptual, learning and simulation 
problems. The general device requiréments expressed in the 


-2F8B MC were reviewed ' iff light of potential research’needs in 


training, and training device design, and from experience in 
the development ang execution of programs fOE training complex 


Cekiis, ge t,o Oe : 
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Additional requirements for the ‘exndytnental evaluation 
of training methods, techniques, and device characteristics 
were identified through the ‘analysis of less formally docu- 
mented training requirements. It is clear from both formal 


and informal analyses? ‘that the specification of training de- 


vices deals-with a large dumber of issues which, in the final 
anatysis, dictate capabilfties for experimentation, The FTSS 
was conceived as a generattzed simulation systen incorporating 
.a varjety of features-never before incorporated’ in a single 
installation, It includes systems for the simulation of 
vehicular motion, out-of~the-window visual scenes: and syster 
dynamics, -‘as well as capabtlities for data storage ann re- 
trieval to be used both in support of specific .experiments 


and in the more generalized literature research functions of. 
the Hunan Factors Laboratory. ; ‘ e 


ead a 
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> 2 SECTION IIIT rn 
bd ) a 7 METHOD . _ 2 
: The’ study was performed in two phases: 1) a review of 
& operational military systems, system functions, and personnel 
t _ tasks having significant training implications’, and of the _ 
ke - needed experiments arising from these implications; and-2) def- 
1: inition of a simulator system capable of solving problems in . 
4 . training design and utilization. Figure 1 (Page 6) .graphi- 
cally illustrates the two phases and the related sequence of 
! . tasks. . 
t a : é - Fs at ‘ 
y ‘ The first phase of the study reviewed operator tasks in’ + — 


four military operational areas: airborne systems, ocean 
“surface systems, ocean subsurface systems, and land systems, 
During the first phase, five experimental areas having sig- 
nificant human factors research implications were identified: 


1, The Trainee Station - Ordinarily the configuration 
*of a training device should duplicate those parts of the op- 
erational work station relevant to the training being provided. 
 ) Effective training frequently demands, however, that the work : 
(or tfainee) station of the device incorporate additional or z 
modified characteristics. A part of the research capability 
under consideration should be capable.of defining, evaluating, 
and specifying perceived discrepancies between the operational 
» work station’ and the device trainée station, as they aré re- » 
‘quired to promote effective learning. In some instances, for 
example, supplementary indicators of trainee performance may i 
have to-be added to the trainee station. In others, some 
work station’ equipment may “havé to be deleted to minimize task 
complexity during the éarly.stages of learning. ~~ - 


25 . Fidelity of System Dynamics - Closely related to the 
physical configuration of the trainee station is the manner 
--in which the operating characteristics of the trainee station 
“ .and'the simulated operational system are represented to the 
- trainee in the device. In some training systems it is pos- 
sible; feasible and desirable for the controls and displays 
in the-trainee. station to operate and interact in exactly ‘the ~ 
game manner as in the corresponding operational system.» In 
many instances, however, it is either not possible or feasi- 
ble for the device dynamics to duplicate those of thé prime , 
-~_ system.- In others, the progress of learning may be sadvanced. 
© through the introduction of discrepancies between device and, 
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assuring efficient learning, & + 
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“system dynamic’ particularly in initial eralaing. Thu 


mean& are required for accomplishing research to develop 
methods of compensating for losses in fidelity “due to 
problems in. cost, and/or technical capability, and to estab- 
Jish requirements, based on the nature of the dearning proc- 
‘ess, for the modification of represented system ey naNee?s in’ 


te 
b} 1 


: 3. Fxtertnal Fovironmeft Fidelity ‘(Vision, Motion and 
Sound) - Sounds produced bX the operation of system equipment, 
or which impinge’ on system p@rsonnel from outside the system, 
Alen tfhotions.and real-world visual ‘data are frequently 
significant in learning and in accomplishing spécific system 
func ions: In fhany instances, learning rate and effective- 
1ess ean be enhanced by the man‘ pulat ion’ of these cues. It 
may be Jesivable to reduce or imcrease.their distracting 
“zalue, to emphasize certain cues during specific training 
niases, or to iatroduce cues which are not a part of the op- 
eratioral environment for which training is being provided, 
but which night help in the training process, Weans.are also 
~equired for establishing the environmental characteristics 
aul utilization no7es most’ appropriate to specific types of 
orevator training. Eavironmental sounds and work station 
motion in particular can, ia many systems, provide essential 


‘nformat’on, distractions, and stresses that can significantly 


vinElueace performance an} earning. * Many motions are not 
feasible to reproduce in the training device, and indeed some 


‘nee not be reproduced if they can be represented adequately 


for the task peine-teaiies in other ways, or if-their absence 
can be compensated for through experience inthe. operational 
system, Trainee station ‘motions and aural cues have varying 
sicnificance, fepending on the capabilities of the trainee 
an’ on the significance of “sound or motion for the’ particular 
training task: they can be primary. cues to performance), they 
may act as reinforcéements for other cues; they’may act only 


-as ?istractidfg influences; qr they may. have little or no sig- 


nificance. “As a result, another requirement exists for a 
laboratory capability for defining the - -degree of aural and 
motion simulation required for training speodfic skills to. 
specific levels, for defining the most effective ‘methods of, . 


represented, and. for relating modes of cue, representation to 
trainee perceptual characteristics. Visual contact with the - 


wortd in which the-system, operates also plays a large,and . 
significant role’ in the employmeat of - -many-stiilitary. systems, 


Vehicle eorenehy. Palanan requires garnered accurdte, 
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_compensating in training, for cues which -eannot be adequately , 
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and timely response to relationships with objects on the 
surface over, under or upon which the vehicle operates, and 
with other vehicles operating in the ‘same general environ- . 
ment, Tactical operations at'’almost all levéls also involve 


’ the perception of spatial. relations ips among uni'ts, equip- 


ment, terrain features, and movement's, As a result, training 
in vehicle operation and utilization and in the employment of 
weapons and tactical systems depends significantly on the 
exposure of the trainee to the visual. environment, Safety, . 
economy, training efficiency, and time severely limit the use 
of operational systems in operational. settings for training. 
Simulation is employed to provide opportunities for trainees 
to develop essential perceptions and response. capabilities, 
buf the simulation of visual cues has in the past been defi- 
cient -in .accomplishing some required training functions. As 
a result, requiram@nts exist for an experimental facility 
capable of specifying visual cue requirements for specific 
training tasks, i. 


4, Instructional Management and Programming - Training 
devices are tools employed ~in, the control of specific learn- 
ing processes, “ They provide’ the stimuli and the response 
capabilities required in the development of essential know- 
ledges and skills. They do not provide or ensure training 
per Se, however, but may permit. certain Significant aspects 
of training to occur. Whether or not training does in fact a 

| 
é 
| 
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Occur, as well as the quality of training, depends on the ! 
aspects of the training system that Organize and control the “4 
“presentation of stimuli, and that measure, evaluate and guide . ma 
trainee performance and learning. Many of these functions 

are traditionally performed\by an instructor, and many always 
will'be. Recent developments in training have allocated’ more 
and more control to instructional and computer programs, “ee 
however, representing tendencies both to.increase training “. 
objectivity and to make more effective'use of the instructor, P 
cofisistent with his particular capabilities. The motivation 
for-, and to a- large extent ‘the result.of, these tendencies 
‘has: been more careful planning and programming of instruction 
‘and. more efficient utilization of instructional personnel. 
Curfently, however, comparatively little objective informa- 
‘tion-is- available to permit ‘specification of the most. effec- 
tive ‘methods of allocating and implementing instructional 


“functions among the instructor,.'the computer, and the lesson 


‘plan,’ The ETSS will permit the okjective evaluation of " ° 
alternaté:modes of instructor/equipment utilization in the 
management of specific training situations, : 
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t / ; ; 
’ §; Instructor Station:Design - Training device effec- 
td tivenass depends heavily on the quality of the interface 
; . between the instructor and the trainee, In the design of 
yO many training’ devices, erperimentation is needed to. define 

-thé best way of facilitating instructor monitoring, guid: nce, * ‘ 
J evaluation and control of the learning process, A ‘basic 
; function of the ETSS is to provide capabilities* for exper4- 
Rit mentation in the selection, design, arrangement ane Gril ee ial 
‘ tion of instructor station components. : ‘ 


Aires Thos hats i Wicca cetaceans tdi i aaa lac hss 


Thr oughoyt che: study, particularly in the Phase 1 portion, 
consideration was given to the environment in which Cie _ 
mental evaluations will occur, to assure the design of.a, 
system that is not only relevant to the device design prob iene : 
' _ to be solved, but practical within the constraints of its , 


. employment. Three major influences are reflected in the 
design of the system and its equipment: . od . 
é ee 1, The Experimental Training-Simulation System will be 


employed diréctly by personnel in the Human Factors Laboratory. 
. , A minimum of additional support personnel will be required, 
' but the system has been designed to be operated by personnel 
currently within’ the Laboratory. Computer terminals and” + |. : 
® programs and other equipment modules have been selected and s - 
designed to require a minimum of special training and ability. | 
cy > : e , . Ip 
2, The subjects available to the Laboratory fo#%he 
evaluation of training device design alternatives tend to , 
constrain the mode of utilization of the system, It is likely 
that the subject population will consist at least in part, of 
lotal’ colfege students and laboratory: personnel having little 
or ‘hp special training or experience in the systems for which 
traifving devices are being developed. It is assumed that in 
the case ‘of complex experiments reflecting major character- 
. : istics of the prime system, military personnel having rele- 
.vant' operational experience will be made available, but that 
_ the great majority of experiments will deal fiot with. the 
operational’characteristics of the prime system, but with 
the essential psychological, perceptual, and skil] elements, 
which can, as required, be combined to permit evaluations of 
more complex, system-related tasks. : 


7 


a 


3. The total system recommended in this study, including 
the ‘computer’,- interface, operator terminals and other ‘associ- 
ated display, processing, and control equipment, would cost : 4 
less than $10 million, It is unlikely that the total system 
4 { 
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could be procured at one time, either from the point of view 
of cost, or in terms of procurement -lead time. As a’result, 
-all system components,have been conceived, designed, and A 
organized for modular procurement so that each item.of equip- 
“ment procured provides a distinct experimental capability. 
Additional capability will acerue both from the procurement 
of additional ‘items and from the combined utilization of 

- those available at a given time, . ’ 
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1. PHASE I - — = 


. The initial objective of Phase I was to identify the 

military:operational areas that would significantly influence 
training device requirements of the future. A further goal . _ 
Was to identify specific areas in which human factors re- 
search will be required to optimize training device design. 
A review was made“of the major NIDC training devices currently 
employed by the Navy’, the Marine Corps: and the Army, to iden- 
tify operational areas that had significantly influenced de- 
sign to date. An analysis.of tasks prepared by Naval person-~ 
nel’ was also reviewed. (1) Operator tasks associated with the 
areas reviewed were, in turn, reviewed for their training: 
implications. Appendix A is a summary of tasks performed by © 
‘Qperators of a variety of military systems, together’ with ’ 
‘estimates of their training Srentetcance:: 

Discussions with personnel of the Human Factors Labora- 
tory of the Naval Training Device Center verified the signi- 
ficance of these current operational areas with respect to 
future device requirements. Interviews with designers and, 
users of training. devices, and a review of the training re- : 
search ‘literature, identified areas requiring: research in 
optimizing training device design and utilization. Table 15 
(Page B-2) of Appendix B is a summary of human factors re- 
search areas identified in the literature review.as relevant , 
to the design and development of a wide variety of military % 
training systems. These areas were a first indication of the 
‘range and variety of capabilities to 'be required of the Ex- 
perimental Training-Simulation System. Table 16 (Page B~26) 
of Appendix B illustrates fhe results of a review of the 
specification for a typical complex training device, Device 
2F88, the F4J Weapon System. Trainer. -A significant number r, 
of research areas identified in the litérature review were 
associated with specific characteristics of the 2F88.° This’ 
matrix of research areas was a secogd indication of the need 
for a human factors research capabit ty in the development of 
speqific training device designs. Further, more specific ex- 
perimental needs resulted from more detailed reviews of the 
tasks involved in operating a variety of military systems, as 


tions. ° 
discussed in the following sections. aw 
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1.1% TRAINING DEVICE REQUIREMENTS BY ,OPERATIONAL AREAS. 
Through réference to the Naval Training Device Center's Train-. 
ing Device Guide (2) and: through interviews wit NAVTRADEVCEN - 
Human Factors Laboratory personnel regarding deyi¢es currently 

‘in the field and devices anticipated for fututy 
‘four military operational areas were identifi 
systems, ocean surface ‘systems, ocean subsurface ‘syStems and 
Land s¥stens “ Space systems were excluded cons jderation, 
primarily because of the relatively low level of\ NAY 
participation ina&he development and procurement |of’training ° 
devices for space application, All facets of system operation 
for the four ckasses of trainers,.were considered to identify 
all operator training areas having significant. implications — 
for training device deve lopment and. design, Emphasis was. 
placed cn operator task responsibilities, ag opposed to’ main- 

stenance tasks, to limit the effort to training areas having 
most direct and immediate,relevance to operational system 
effectiveness, ° It should.be noted that while the study was 
oriented foward system operator personnel, the sala darian ae 
includes not only the personnel who employ equip »,but also 
alt personnel, units, and ‘organizations who aa it’ to 

’ accomplish its mperationay milf‘ary functions, 

Throughout the review of military systems, the system ~ 
mission, the tasks required of System operator personnel, and 
the nature and effects of the operating envirénment were ° 
assessed:in order to anticipate training and training device 

; requirements, At the saine time, experiénce with typical 
‘training devices in each of the four wa's reviewed, ', The, re- 
view facilitated the identification of classes of training 
device design and utilization problems requiring attention, 
particularly within the responsibility of the Human Factors 
Laboratory, P : 


_1,1.1 Airborne Systems. A- large proportion of the money and 
-time spent in the training of military personnel is spent in 
training créws of a wide variety: of airborne systems. Aircrew 
responsibilities were reviewed in relation botH®to flight 
control tasks ‘and to the tasks required in the operation of 
the’ various weapon, navigation,’ and sensor systems carried by 
military aircraft. Among the ,aireraft- systems reviewed were 
fixed-wing and rotary-wing aircraft, f ters, interceptors 
and bombers, tactical support’ aircraft anti-submarine and 

. airborne éarly warning aircraft, cargo and tanker aircraft, 
and aircraft employed primarily, in rescue operations. 


me 
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1.1.2 Ocean Surface Systems. ~- The study identified five gen- 
eral types of surface ships which -have both common and unique 


personnel t&sk and training implications. Surface ships 


~ inelyde those designed for anti-aircraft, anti-submarine, and, 


anti-ship missions. Assault ships | and amphibious- assault ¢ 
vehicles were also considered within the surface'ship category 
because of their common requirements for training in helm. and 
engineering procedurés and in maneuvering and docking. 


€ 


a 1.3 Ocean Subsurface § stems, ‘Several unique subsurface P 
systems are currently in” operation, dnd | an eyen greater . 


variety requiring specialized training will be in operation 


over an-ertended period of time (3, 4). Fhe comple-ity of 
most subsurface systems, due to the variety of, nission func- 
tions to be ‘nerformed and the severity of the operating : 
environment, imposes heavy and significant requirements for 
the training of system operating personnel.:, All subsurface 
systems require skill in,the operation not onl ly of systems * 


-directly related.to the specific mission, but also of systems. 
. haying: significance’ primaril« for the conditions imposed by . 
- the operational environment (5, 6). Attack: submarines, 
- missile submarines, and oceanographic systems have common 


problems in navigation, diving, surfacing, propulsion, 

maneuvering, and ji fe, support. Each type of system also has , 
specific functional requiremerits in fulfilling its own unique 
tission responsibilities. Each; in turn, has requirements | 
for pef sonnel training and training devices, some of which 


4 


_ are in common among all these types of systems and with some — 
- other military systems, son¥ of which are unique to-specific 


systems and missions. Oceanographic submarines, for evarple, 
must perfqrm dead-reckoning navigation functions similar to 
those employed -in .attack arid missile submarines,: in: aircraft, 
tanks and surface ships. They also have mission apnea el 
in underwater research (including SCUBA operations), col 


“tion, of geological and biological renee es and’ underwater ¢ 


Sansa which are unique. 


Y 
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: : 
1.1, a Land Systems. A wide variéty of skills are required 
in the operation and employment of tary systems confined 


- primarily to the surface of the land: Many significant and 


critical training requirements are associated with the employ- 


ment of wheeled, tracked, amphibious, and air cushion vehicles. 


Each vehicle requires training in normal and emergency operat- 
ing procedures, maneuvering, navigation and tactical emnloy- 
ment. Many contain weapon systems whitch aiso*require training 
in ‘operating procedures and tactical employment. 
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“olf “Many,” significant tvataing eeguteedente are also asso- 

, ciated ‘with artillery and infantry systems, aside from those 
related to the operation and- employment of the various indi- 
vidual and crew~seryed weapons. Some of these “aiso involve . —- » 
tactical operations, Training for these is a problem, since 


— 
4 


. , Large expanses. of terrain, many people and large quantities 
; ¥ of equipment must be maintained if the training environment 
oy ’ is’ to be realistic.’ The nature of combined: land/tactical ' 


exercises ‘Lends itself, however,. to synthetic training, since 
little direct: contact with terraim, units and elements is. 
required fot effective training. The knowledge and skills 
. involved.in-this ared .can be trained to a:very large extent - 
‘through emphasis on communications procedures and content (7). 
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, f WA i INING SYSTEMS* AND RELATED ‘TASKS. Phase fei acatian 
“was poi ted at the ident ification: of problems in the design. of 7 
: systems and devices used in the devélopment of. operator skills; ~ os 
. which could be solved in. the Experimental System undér con- 
sideration. It was anticipated early in Phase I that .some 
problems would relate to more than one type of operational + 
‘system, and that.a few would relate to only one or a very. few 
’ tasks and systems; in. terms of the. perceptual, : psychologicdl, e 
and. learning processes involved, When the tasks and skills - ° 
identified.in the review of operational systems have been enu- + 
‘merated,- 13 categories emerged, which represent.relatively : 
:" , » unique operations and operational settings, Thése 13 oper- | 
ator ‘tasks in turn eaeh consist: of components of the fiye | ~ ' 
- more or less classic ‘training problem ‘areas, knowledges, per- ' 


x ‘ceptions, procedures, perceptual motor‘skills and judgmental 
, skills, AppendixgA lists ‘the major learning functions invol- ; 
’ ved in each of t aa operator or personnel task categories, a4 
. _ ~“ 
lids 1: Ship ‘Control. . The size, weight, inertia, surface - 
friction and speed of surface ships’ and submarines make, con- “i 


trol of their speed and direction a unique problem both for 
operations and training. Development of a device that is” es 
capable of training a number of diverse skills in one: -simul- ° 
; . _ taneous, coordinated €raining: exetcise requires : , ; 
unique techniques in device design as..well as ih désign of . a 
the means for ensuring effective communication and coordina~ | 
tion. The peste. es involved, in surface nee UNG one. -3 ee 
> include: 7 


ra 


_ ae Individual and crew operating aeacedutes to define, . 
command; and achieve ‘a desired: course and speed, 
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2 - 2d. Perception of Seta ive bearing, track and velocity ” 
-@ . of -6wn and other ships, ‘>. - 
> are : * . . . -- * 
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Fea “Appreciation of velocity, seckievatdons control 
ve lag and turning charactéristics of own arid other ships in 
selecting | and achieving specific ‘courses and velocity. °* 
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er Ability to Secdiee and. conteel relative bearing, 
‘ : course “and -position of own ship. 
a oe ; * N P , 
oe es e, Communication procedures required to. ‘assure ‘optimum 


oo " crew interaction, 

, 1932 Submavine Operations. Submarine surface maneavering, is 

. ee similar ‘to maneuvering’ of conventional surface ships and also 
“ requires a minimum of” specific attention in training research. 

’ The unique ‘environmént. and: functional capabilities. of ‘sub- 
‘marines,, however, involve tasks and task contexts that require 
independent attention in’ the development of effective training, 

: . particularly in submetged opératians. Maneuvering under the 
7 " gurface requires the coordinated efforts of 4 number of per- 
sonnel, Submarine dyriamics, speed, maneuverability and vulner- 

“ability to excessive hull pressures make specific training and 
eyperience mandatory for safe and efficient operation. --Diving, 
hovering ‘and surfacing also involve comple? critical. skills 

— © ' -and- coordinations,, particularly for: 

. Hatch: Sonteel . 

- Ballast. and vent control ; 

‘ Control of diving -plaries and rudder 

. dG, Perception of diving angle and diving rate; 

a “ 2% ability. to lead depth with plane, . a a 

ballast, and vent’ controls; ; 

Appreciation of submarine diving, surfacing | 

and Hovering. dynamics, 

.Crew communications procedures - ~ mm 

. ’ &. Automatic. hovering eonenor procedures, | 


1,2,3 . Land Vehicle Operation. The third category of. ai tehey 


. ° systems with relatively tnique training :device. design a 
; ments ‘includes tanks; trucks, personnel carriers, self-- | 
; propelled guns, missile launchers, air cushion wehicies.«and 
- ‘other similar systems, ail of whith operate over the’ surface 
* of the terrain. » While each, ‘at.one~level of operation or ; 
another, imposes unique requirements on the OpeEator training | 
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oy System, any training | requirements are common to all vehiclés, A 
-. “pdrticularly thdése for ‘representation .of system motion “and - 
, visual environments, _ Tracked vehicles have many requirements _ 
_ in common : ‘steering, engine, and transmission control and ~ 
: _* dyriamics of the vehicle/surface interface, “Wheeled vehicles 
similarly have common tdsk and training requirements, as. do. 
‘most air-cushion vehicles, Unique” training requirements do ‘ 
_ arise ‘though from differences in the arrangement of control - 
, _ and display equipment, in the maneuver ing dynamics of specific 
+ vehicles’ and classes of vehicles and in the tactical employ- - 2 
, ment of the vehicle ‘in- performing its specific mission fune-  « 
tions. - # ; s . @ a 
Air- einen vehicleg cote significantly different 
-démrands on the operator than do other surface vehicles: 
because of the eytremely low level of“friction between the 7 
_ i vehicte and the surface, the air*cushion vehicle is especial- re 
: ‘ly sensitive to the.effects of wind ang terrain slopes, This — , 
*. , requires an unusual-degree of skill and training for the . : 
“operator in route selection: and vehicle control. ‘Airecushion 
‘ -vehicles tend to. make’ demands on, the Operator similar to 
an ie £hose of ships -and aircraft, - 
_ 1.2.4 Individual Military Skills. Although most basic 
military skills - use of map and compass, recognition of land- 
.* marks ahd targets, use of individual’ weapons and small-ynit . ; 
_ tactics, for evamplé, can be taught in.a natural field train- 


o 


_—" *, ° ing environment, the required; adequate environment is not € 

always available and must be produced synthetically -- i. e, : 

a by a training device, Even ‘normal classroom training ‘yequires ; Fi 

devices for training control, performance hae aie guid- eke 
* ance and student /instructor feedback at times ; / 

= € ‘ . : 

ee . a 

a 1. 2. 5 Air Vehicle: Operation. Aircraft, like submarines, ~~ - 


operate in a three-dimehsional efvironment .and have unique, 
critical implications for vehicle control and operator train- 
ing. The gravitational significance of the aircrafts unique , °- P 
orientation, and of the crew's unique perceptions and utili- 
* vation of gravitational: and accelerative forces in’ flight and | 
v ‘systems control, makes trainer representation of these forces” 
. essential,’ Such representation is both comple: and expensive, 
— 9 The néed-for operating high-#peed aircraft clese to the ground 
during periods of marginal controllability imposes more 
comple» requirements on the training system representation of. ‘ 
* ‘> ‘the erew's-visual’ environment than for other systems where ~ 
" .eyénts occur at’ lower rates. | - : & 
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1.2.6 Vehicle Systems Opération. All ie jenveics: te- 

. quire. operator skill,not only to qontrol speed, -heading, . 
-’position, path, and attitude of the vehicle, but’ in operation 
“of a variety of ancillary systems (electrical, hydraulic, air 
‘conditioning, @tc.) ‘essential to the functions of the vefricle, ; 


. Vhiéle systems operation was considéred separately from 


-vehicle control for two primary reasons: first, most .of ‘the ad 
' skills involved ‘in system operation’ involve only the, informa- 
tion available at the operator's station, (where’ real-world - ~ 
visual or motion cues are involved, they tend to ‘be limited, ‘ 
in their démands .on the ‘training system); seeond, the ekills: — 
required in system. Operation are largély procedural skills,- - ° 
which can be. ees in cele ines having low simulagion — * 
fidelbey (8.4 0 0. 7, , , . 


; : : ‘ at ts 
— 2.7 Navigation, _ Many military elemerits, units and systems 
‘require skill and training in navigation. The methods dnd 
equipment available and, thus, the specific operator tasks | 
required vary from system to system. and with mission environ- 


‘ment? Major navigational training problems dre ‘aksociated 


‘with four basic.techniques: celestial navigation, dead reckon- e 
ing, radio/radat ele ctronic/satellite navigation, and visual 
contact, - : 


1.2.8 “Gunnery, Most niitigary systems. incorporate some form . 
of weapon -- frem the personal weapons’ of: individual. personnel _ oo 
“to the more comple» artillery: and missile systems.’ Gunnery 
skills include many procedural components with heavy emphasis , 
on visual target detection, recognition, and acquisition, , 
\Flex ible gunnery involves critical tracking skills, while 
guided-missite and. fired gunnery’ from aircraft require skill 
in-compley system operation; an aircraft pilot, fdr example, 
must control both the aircraft-and the guided missile siml- 
‘ taneously, ~® . : L#F 


1.2.9 Fire Control. The employment of weapons and weapon 
' systems involvés an “under standing of the capabilities of the : 

weapon system, the characteristics of-the target and the 

influence of a variety of environmental effects on the weapon 

system, as well as target acquisition, comput ing plotting, 

ranging, sensing and, sometimes, weapon registration. “It also 

involves, in some systems, the. procedures and skills required 

in actual weapon launch, although these responsibilities are 

delegated, im.some systems, to personnel not directly involved . 

in fire control as such. Thus, the tasks of training cag 2 
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operator to effectively .emp loy the total weapon system is far- 
greater than. simply eran him to ie a’ trigger and. hit a 
eareet: = 


? 
~ Sy 


. 1.2.10" ‘Bente Operation, Special sensors requiring training 
for proper utilization and interpretation are associated with 
most’ military systems: radar, sonar, infrared, image intensi- . ‘ 
fier, magnetic anomaly, low-light-level television, and other ay 
sophisticated’ systems, Each system involyes a series of set™ : 
up and adjust procedures and a variety of perceptual tasks ~~ 
“ ‘requiring extensive practice and training in display inter- 
et , pretation.’ Many systems also .require 4 detailed understand- 
- | + ing by the operator of the effects ‘of environmental para- 
ye meters on system performance, Radar operators, -for example, 
must be able to predict, recognize and actount for effects 
weather and, in the case of airborne. systems, other variabl 
influences on the display such as altitude and heading, Son 
. operators similarly must ‘learn to interpret the effects of 
rm water density and temperature gradients, background noises - 
: . and variations in the structure of the ocean bottom on the 
‘ sonar display. 


e - 


; .  1,2,11 Individual Tactical Operations, Significant levels 
—— , Of skill are ‘required not only in operating military systems, 


‘ ~ but in _emphoying them in the fulfillment of system mission 
requiréments.,. All systems, by definition, have certain 

specific functions in the solution of operational~problems, 
_ which require knowledge of the mission, the system and its 
ra elements, and the ability to operate the system. Most impor- 
, tant, they require the ability to analyze specific mission 
_ requirements, and environmental constraints, and to select, 

modify and employ system capabilities as ‘required, A system 

may involve only one person and a limited number of function- 

_al capabilities, or it may involve a nutnber of persorinel and ae 
' a large number of functional capabilities. An infantry scout, : 
at the one ertreme,. must maintain secus&ty, must be able to , | 
navigate from ene place to another, to observe and report what 
he: sees and hears along the way, .and to operate a small number 
of devices, including a personal, Yeapon, a compass, and ather 
equipment of a comparable level of complexity. * The cofmander | 
of a combined ‘operation, which includes ships, submarines, % 
aircraft and amphibious assault vehicles, is also involved in a 

‘a military system, but at.a much higher level wf ‘complexity. i 
_The lower level of task complexity concerns the training of "a 
, operators of basic systems identified with individual military 

Salas and specific items of equipment ; the higher level . 


% - 3 . 
‘ 
18 ‘ a be 
\ ‘ 


« « 
seer mera Ta | 
ee 
3 
a : 


‘ 


‘ 


hr none tad 4, 
Lad , 
@ ° 


Pomona 
so 


@ 
Me 


ad " b;. Knowledge of tthe capabilities and‘tactics of the 
‘ enemy elements likely to be involved in each tactical situ- 
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concetns the training of personnel in the coordinated use of ¢ 
a variety of systems, units and equipment,. in the' first case, 
system functions involve the employment- of .a weapon, a hotho- 
geneous unit such as a. squad or a platoon, an aircraft, @ 
vehicle, or any organization having a unitary identity and a 
‘discrete set of, functional responsibilities’, In the second 
case, system responsibilities involve two or more discrete 
units, vehicles,, or other unitary systems-which act in coor- 
@ination in the solution of missior problems, Individual 2 
‘tactical operations consist of the moré or less independent 
employment of one system, while combined tactical operations 
- involve, the “employment of two or more different but related 
“systems ‘in the solution of problems requiring team or com- 
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.1,2.12 ‘Combined Taetical Operations. Most’ systems operate 
as parts of largér systems in which individual capabilities 
are employed in achieving functions assigned to the combined 
system.’ Personnel responsible for the employment of hetero- 
geneous systems usually do not require skill in.the operation 
of specific subsystems or equipment ; but rather in understand- 
ing, allocating, and employing | the capabilities - ‘and limita- 
tions of the available system elements in specific physical 
and tactical environients, ea abilities mequeree 
include: - .. , 


° 
° 


° 


a.’ Knowledge of both the nominal arid degraded capa-_ 
. bilities of elements neiNe up the total system, 


i 


ation. 


ec, Ability 1 to select, modify and Bpeey standard 
"tactical procedures, ~ 


a 


d,. Appreciation of the capabilities of the sensors - 
available, and the ability to derive tactical information 
from both discrete sensor data and combinations of data-ang 
situation history. : ‘t 


‘ e 
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e. Ability to perceive relative motion among friendly 
.and énemy tattical elements, and. to predict, and control: the 
relative - positions of-‘friendly elements, os 
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. f. ’Appreciation of the effects, the delivery charac- 
teristics and the characteristic errors of each available ° 
weapon system, 


In general, combined tactical operations require training in 
perceiving and controlling patterns of activity-taking place 
over wide expanses of air, ocean, and/or terrain. Opportuni- 
ties for tactical training in a real setting are limited, but 


_ many tactical situations can be adequately represented for 


training in a variety of effective, relatively feasible and 
economical ways (9, 10, 11, 12, 13). 


L. 2. 13 Escape, Rescué and Damage and éacusties Control, Many 


military systems operate under eytremely hazardous coriditions 
imposed by the enemy, the mission, the characteristics cf the 
system itself, and by the physical environment in which oper- 
ations must occur, “Military missions frequently require oper- 
ation in bad weather, over rough terrain, under the ocean or 
at high altitudes, all of which in themselves threaten the 
well-being and the survival of the system, Many systems in 
employing these unique capabilities must also operate close 
to the envelope limits defined by safe operating practices for 
that system.. Fighter aircraft must fly high-g maneuvers , 
during terrain-following, weapon delivery and evasion. Sub- 
marines must operate at or néar mayimum safe depths to avoid 
detection, and ground systeins ‘must operate at high speed to 
achieve mobility and surprise. Thus, emergency sttuations 
arising from marginal, operations can result in danger and 
injury to system personnel, and damage to system equipment. 


Training in escape and rescue, and in damage and 


casuakty control are both critical and difficult (5, 6). fe 


It is especially critical because of the extreme need for 
over learning in task training, Training cannot be provided 
‘in the same physical and psychological environments in which 
the tasks must evéntually be performed. ‘In many cases, emer- 
gency skilis cannot be practiced as frequently as can other 
normal operating skills because of the difficulty, expense 
and danger of providing adequate training settings. Motiva- 
tion for -learning emergency skills tend to be low because of 
their infrequency of occurrence and, for this reason, the 
sometimes mistaken belief that it can't happen to me! 
At the same time, when emergency skills are required, “their 
criticality and value are eytremely high in terms of system 
mission responsibilities and equipment and personnel SceurEty: 
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__from information discussion to on-the-job training. 


provement of training over a 
responsibilities, . 
‘ring in the development of perceptual skil 
example, 


hich complex 
patterns are analyzed, and the best ways’ of breaking percep- 
tual tasks into meaningful, manageable subtasks for training. 


1.3.1 Knowledge. In each system, crews and operating per- 
sonnel must acquire knowledge related to the system mission, 
operating environment, characteristics, capabilities and 
limitations of the system, and the procedures required for 

its employment. Knowledge can be-transferred in many ways -- 

The nature 
,of cognitive learning, particularly the inherent capability 
for measurement and the manner in which knowledge is employed 

_ In system operation, makes possible eithér individual, self- 
paced instrucgion, or group training. Both of these, in 
turn, permit Llexibility-in.-the selection.of training 
approaches, and the application of a variety of automated and. 
computer-managed training techniques.’ . 

"3.2 Perceptual Skilis: All military systems require the 
development and exercise of skill in the peftceptioa of mission, 
system, and environmental cénditions relevant to the functions 

‘required of the system. Perceptual skill involves the organi~ « 
zation of available information into patterns having meaning 
for the accomplishment of system funckions, and the selection’ 
of procedures and ‘actions consistent these patterns and 
functions, Training in perceptual skill requires exposure to 
a wide variety of information concerning system capabilities 
and status, mission requirements and environmental influences... 
The specificity of responses to patterns, pattern complexity, 
and the difficulty inherent in defining, predicting, and 
measuring individual perceptual processes tend to make per- 
ceptual training difficult, time-consuming, and expensive, 
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The nature of perceptual processes, -and the uniqueness of 
F complex patterns in particular, require experimentation in 
the development of training approaches and device designs . 
that -are responsive to the requirements of specific training 
and operational situations. ; 
C to am ; a 
: Perceptual skills are needed in three general task 
areas. First, skill is required in the -1). diagnosis of system 
Status, and full employment of its functional capabilities and 
characteristics, Depending on the complexity of the systen, 
extensive training may be required to interpret data available .- 
-from system indicators and system behavior, and to Organize 
these data and correlate them with current and stored inform- 
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ation. 


Complex perceptions are also required to operate and 
interpret special sensor displays. Radar, sonar, infrared, 
/ low-light-level television, imagé intensifier, electrénic 
8 aan countermeasures and magnetic anomaly detection Systems al 
y incorporate sensor displays producing unique, complex out/puts 
J that are sensitive=to a wide variety of enyironmental, t rget, 
and control influences. The operator!s task in 2) sensor 
Ra! interpretation consists largely of observing visual, aural, 
and other display patterns, relating them to his knowledge of 
the system's characteristics;:the characteristics of the en- 
d vironment, relevant to that sensor, and his understanding of 
the operating circumstances and their effect on the behavior 
of the sensor system, ‘ ; 


e 


The third area of perceptual skill requirement is in t 
i the 3)” evaluation of the environment and its effects on system 
‘ capabilities and performance. Most military functions must be 
responsive to change in the operating environment. The runway - 
distance required for an aircraft: to take off increases pro- 
portionally with outside air température and with load; a 
radar image of a ground target varies iin size; shape, and con- 
“trast with changes in aisrcraft-heading and altitude; and vis- 
ually detected targets change in color, contrast, and distinct-’. 
ness with changes in time of day, hage, and smoke. The per-. : 
ception and evaluation of the erlvironment and its effects is ‘ 
particularly critical in unaided and optically aided’ visual _ 
target detection, the control of vehicles by reference ‘to - 
immediate visual, sound, and motion cues, and in the assess~ 
ment of the physiological and psychological effects. of stresses 
/ encountered in system operations, - ‘ ; 
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1.3.3 Procedural Skills. The perception and orgatization of 
wretdevant information in military system operations permits the 
"identification and, where necessary, modification of the 

behaviors required to fulfill system mission responsibilities. 


Many of these behaviors are procedural in nature, ‘involving 
relatively fixed sequénces of actions on the .part ‘of the oper ~ 
ator. Starting an engine, Launching a missile, aligning a °° 
navigation system, taking up an assault’ formation and many“ 
other~functions involve predetermined procedures. These must, —— 
to some extent, be memorized, but much of the ‘training requir- 

ed in the development of procedural skilis relates to perfor- 
mance of procedures in stressful circumstances, and to the 
ability to’select and modify procedures according to the 

demands of the immediate circumstances, 


Another aspect of procedural learning concerns the 
timing ‘of responses, Some systems and missions impose little 
ox no time pressure on the system crew, while others, employ- 
ing similar. procedures of comparable complexity, require sig- 
nificantly greater levels of:overlearning to overcome the : 
: ' - effects of time-pressures;imposed by thé circumstances ance 
, @ which system functions ae performed. Sometimes more than on 
. ° procedure must be performed by the same operator during a 
given time period, and frequently the procedures assigned to 
one operator must be performed in conjunction with those as- 
signed £0. other operators. Major problems in training proced- 
ural skills, ‘once the essential knowledges have been acquired, . 
‘include mastery of the proper sequence and timing of procedures i 
and learning to recognize the effects on system status of — 
relevant procedural steps and other influencing factors, and 
to modify. the procedure accordingly. The simplest procedurés 
are fixed, and require primary. knowledge of the procedure, the 
.ability to identify the circumstances in which it is required, 
and knowledge of the locations and inodes of actuation of rele-— 
vant coritrols. At the simpler levels, even control actuation 
is not a learning. problem since many of the, output components 
of simple procedural'tasks are already in -the repertoire of 
the.opérator trainee. As the procedural requirement increases | 
in complexity, greater training emphasis is required in the = 
generation of outputs and in control actuation, At the same 
‘ » time, greater ‘emph¥sis is also requized in training operators 
to evaluate the effects of control outputs on system condition, 
and to continuously evaluate the relationship of the econ to 
its apSTENES 2 functions, o- ¢ 
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1.3.4 Perceptual-Motor Skills, Perceptual-motor skills are’ 


among the most critical required in military systems. Whether 
they involve diréct intervention in the dynamics of a system, 
or merely monitoring and "keeping up" with the more automated 
‘ Systems, they. involve continuously varying relationships samong 
cognitive, perceptual, procedural, and overt behavioral task 
components, frequently on a relatively well-prescribed time 
‘base. While the perceptual-motor skills required in.most : 
military systems can be described adequately at the verbal 
, level, they can be acquired only through extensive practice in '’ 
' circumstances conducive to learning. The dependence of some- 
perceptual-motor tasks on the effects of preceding inputs and 
on momentary events in the system envirenmént emphasize re- 
quirements for training in rapid, accurate perceptions and in 
the timely interpretation of complex patterns of information - 
and activity, Many perceptual-motor ‘skills also appear to be 
heavily dependent in traiming on the. presence and nature of 


‘ elements of the operating context whose influence is diffi- 
. cult to predict from trainimg situation analysis data. Thi's 


produces a priori requirements for a training situation which 
attempts to represent the complexity of thé operating situation, 
. A major problem in designing devices and situations for train- 
ing in pérceptual-motor skills: is ia minimizing: training cost 
‘and complexity by defining essential functional’ relationships 
. among contextual, cognitive, and performance elements of the 
training and operational settinzs of concern, to minimize re~_ 
quirements. for representing total system contents‘ in training, 


: ¢ f * 
2.3.5 Judgmental Skills. ‘ Each system ONT to one degree a 
Or another, must make. judgments concerring possible courses of 
action, based on his knowledge, of the system, its mission and 
capabilities, and on his' perceptions of the immediate circun- 
“stances, As in all other operator task elements, the degree 
of complexity of judgmental skill requirements varies from 
the decision-making processes required in the functions of an 
“individual member of a simple system to those required of a . 
commander of a combined force of air, sea, and surface elements. ; 
>. In each case, the decision=maker must be*trained to apply ‘ 
available datg on the status and condition of. system elements, 
and,on.the mission, the enemy, and the tactical aad physical 
environments in coordinating the actions of, the elements at 
his disposal to accomnlish assigned system mission responsi- 
" bilittes, He must also be trained to objectively evaluate and 
weigh the- data available to him, both from immediate sources 
and from experience, and to re-evaluate basic data and to 
mgdify decisions baséd on the observed consequences of each 
course of action. , __ es , 
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: '.* fully controlled exposure of trainees to the essential ele- 
an ments of the problems they will encounter in the opefigional * 
4 ss System, and ‘by ‘permitting monitoring, measurement afd guid- 
ance of trainee performance throughout major portions of the 
learning process. They also. permit the development of criti- 
P ; cal skills in almost completely’ safe settings. To accomplish 
° these functions, training devices must: be designed to fulfill ; 
rv five relatively, discrete functional ‘requirements. These five . 
“requirements have been outlined to define the areas within 
which experimentation is required -to answer design questions 


that have critical implications for optimizing training device 
designs, , , ‘y 
; 1) The first’ development area invoives requirements 
‘for the incorporation of equipment from the system operator's .’ 


“xgtation in the device trainee station. . 

@ , ss *. * 2) The- second relates to the definition of the level 

' -of operating fidelity (system dynamics) required in the train- 

+ ing device in’question, or the degree to which the device must, 
behave like the system which it represents. . a ; 

‘3) The third development area concerns a 

+ e analysis of the way in which che effects of the system 

Mating environment are perceived and employed by system 

Fsqjnel, and of the tanner in which these effects can be 

sented in training. Principal’ attention has been given 

is category to the significance of visual, "out-of-the-’ 

window" information, and-of proprioceptive and aural informa~ =~ 

tion in system operation. , = - 


- Lo 


4) The fourth category concerns the evaluation of , 
various methods by which training may be managed and con- 
trolled, with emphasis on the allocation of instructional - 
and training management functions among manual, semi-automatic, , 
and automatic modes 6f operation. aa eae * 4 


/ 5) The fifth category concerns the experimentation 
‘required in selecting, evaluating, and arranging components 
and subsystems at the device instructor's station, to facili- 
tate the instructor's execution of all his functions... \ 
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In each of these -five areas, specific’ attention in device 
development’ and design must be given to the influence of the 
task being trained for, the people being trained, the time 
available ‘for training, and the: possible allocations ‘of train- 
ing functions among devices, settings, equipment, and approach- 
es. Logistical and administrative influences must also be con- 
sidered to preclude the selection of designs which, while: 
effect#We in training, could not be supported by the system 
in which they are employed... Although this latter consider 
ation is outside the scope of the proposed simulation system's 
functions, it is relevant in tHe selection of parameters for 
expetimental analysis. : ; 

; Most training device design characteristics can be speci- 
fied early in the development period, through application of 
training situation data generated during the development of 
the system for which training is intended (14). The spetifi- 
city of the learning and perceptual processes and of training 
situations makes. it necessary, however, to experimentally 
evaluate the logical alternatives available in training device 
design, to identify those that can be expected to provide ef- 
fective training at the lowest cost within the anticipated 
_ training context. In-effect, each device design is the result 
of tradeoffs among training task requirements,: potential 
device ‘capabilities, and the cost, safety and schedule impli- 
cations of each possible approach: Effective training device 
development requires that adequate data for reliable tradeoffs 
be made available. Much of the required data concerns the 
effectiveness of specific device characteristics for training 
spécific operator tasks, and is thus unique with respect to 
the tasks being trainéd, the nature of the training situa- 
tion, and the essential capabilities of a variety of device 
design approaches. , ; . 
The design of any training device assumes insight into: 
_ the nature of the task to be trained~and ‘the meaningful sub~ 
‘ tasks and elements. into which it may be divided; the mechan- 
ics of the learning and pérceptual processes related to each 
task component ; the nature of a variety of possible approach- 
es to the training of each specific task; and the economic 
and safety implications of pptential training approaches, 
within an overall operational and traingng system context. 
Frequently, device degigns result from~''best guesses" in one 
or more of these area&,| Occasionally, training device and 
training system effectiveness are compromised thereby, 
through lack of relevant, objective design data. 
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1.4.1 The Trainee Station. Each training system includes 
some representation of the fduipment expected to be operated 
by the trainee as he becomes qualified, The operational work 
Station usually includes displays of information about the 
. Status and performance of the system of which the work station 
is a part, and it usually includes controls which permit mani- 
pulation of the’ system, or portions thereof, It may also 
include displays or direct presentations of information about 
the system's Operating environment, which influence the inter- 
pretation of. system data and the exercise of control over the 
System as it operates in its. environment. ~ ge 


While a representation of displays, controls, and 
environmental data is usually required for training, the con- 
figuration of the settihg in which the operator is trained can 
vary in a number of ways, depending on the complexity of the 
tasks tojbe learned, the level of leagping to be achieved in 
a given’training setting, the manner hich tasks are seg- 
mented for’training, the nature of thé operational environment - - 
and the training methods to be used. It may also vary signifi- 
cantly with the difficulty, the cost and the-criticality of 
representing certain aspects of the operational setting. Train- 
ing in the operation of a very simple system may require only 
a simplé, verbal description of the operator's station; a 
sketch, photograph, or a look at the equipment'itself may _ 
suffice. For most of the systems requiring Naval. Training 
Device Center support, however, more extensive representations 
are required, because the operational context is usually com- 
plex and the operator skills are similarly complicated. : 
"Chase (15), for exampleg¢ has.evaluated the effects of ‘color 

and black and .white Le of visual cues, on the , -~ 

performance of aircraft landing skills ph eas found that 

color influencés the degree of concentration required on the 
part.of the pilot. Decisions on the incorporation of system 
operator station equipment and on the degree of fidelity with 
which the equipment and its performance are to be represented 

in a given,training device require similar immediate, objéc- 
tive Sata GA the likely effectiveness of alternate approaches. 
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Another aspect of trainee station representation also 
requires significant levels of experimental insight. Frequent- 
ly, training effectiveness can be, gphanced through controlled 
modification of thé trainee's station to provide information 
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_ in addition to that ordinarily available “to fe system oper- — 
~ ator, or to permit .the trainee himself'to exercise some con- ~ 
trol over the training Situation, While these tend to ‘entail 
departures’ from. trainee station fidelity, they frequently ‘are 
essential to efficient training... The Army's Synthetic Flight -__. 
rei: System (16) and Link's GAT-3 (17) provide equipment -* 
‘the student station which can be- used by the student him- 
1f to initiate, cortrol-and monitor his own training, While 
cian ‘equipments detract from fidelity as such, they enhance ~ 
device effectiveness by providing feedback and guidance nae 
out the intervention of an instructor. 
1.4.1.1 Requirements for. Controls and Displays. An initial 
decision in the development of a training device concerns the 
incorperation of controls and displays located at the operator 
_ station to which the training device relates, and the manner 
. in‘'which they should be represented. _ Decisions ‘mst be made 
about-controls and displays to minimize both ‘cost and distrac-~ 
tion resulting from incorporation of equipment unrelated to 
the tasks being’trained. The training situation analysis,- 
performed in the definition af device characteristics and re- 
quirements, will answer most’ of the questions in this area, 
through definition of the tasks and subtasks to ‘be trained in 
specific training settings, and identification of: task-related 
equipment and its functional significance. ‘Complete defini- 
tion of work station equipment will frequently require objec- 
tive data, however, concerning the effect of specific compon-. 
ents on dévice training capabilities. In some instances, for 
example, the training analysis will. indicate that a given 
display or control‘is not direetly employed in the training 
subtask, but may indicate that the component could act, for ° 
that particular task, as a distractor or as a source of con- 
fusion, The degree of involvement of ‘such components in tr. ins. 
ing cannot be readily prédicted, especially in systems with 
which operational experience is limited. ‘ 


ty 
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\ 
“Currently, it ig frequently secu: to inelude more 
SS i of the system components in the trainee station than may 
. actually be required, to permit early experience with both the | 
operational system and the. training device to produce a utili-~ 
_ «gation concept consistent with the training requirement, As 
' a result, many devices in the field contaih trainee station. 
equipment that. has been found’, through experience, to be un- 
_xelated to training. It is also not unusual for work station 
components to be excluded from a training device design due to 
limited information,on their relevance for training. In each 
situation bosh fasagecr the sci and training cost suffer 
due to the i} arapeqaney £ the eis data, When devices are 
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produced fee experienced operators of fasase training equip- | 
‘@ ment, the problem is minimized; ‘Silver, et al, (18) for 
example, found that paper-and=peiicil simulat ton of radar 
pictures was adequate for training .skilled operators, while 
- more complex simulation was required for novices, The com- 
plexity and the criticality of mahy future systems will,. 
- >, however, require that devices be available for operator train- 
ing prior to the employment’ of the operational system. Human 
_ Factors’ Laboratory capabilities for experimentation in device 
. configuration will thus greatly improve tHe training accuracy" 
and Beerer ney, of prototype devices. 
"1.4.1, 2 Equipment Fidelity. Once equipment at the aperator® s 
: station ‘has -been se lected, decisions must be made about: the 
degree of fidelity of. representation, Training ste costs 
‘tend to increase with’ increased fidelity, whereas kraining ; 
effectiveness does not necessarily increase proportionately. 
Yet, while high fidelity frequently makes it easier for the 
, trainee to relate the, training ‘situation to the operational 
setting, effective learning can frequently be achieved by 
deliberately reducing the level of fidelity; particularly in 
early training. In effect, fidelity requirements depend more | 
. on. specific training contexfs than on the degree of apparent 5 = 
@ - device/system duplication. The nature of the tasks,-the ‘ 
trainee,‘ the instructor and the complexity of the skijls to 
‘be trained dictate fidelity réquirements, rather tha¥the face 
validity of the training device. “In fact, low fidelity-may, 
in some instances, enhance trainifg value by helping the 
trainee %o0 recognize the essence of a task or a system char-. \ 
acteristic, Wyener, for example (19) ‘has noted that trans-, , ; 
- parencies, wall charts and other simple aids can be used to. 
teach the fundamentals of sonar signal classification, by 
: parcelling -out essential signal, ‘characteristics from the total 
-acoustic complex. It may also result. simply from the incor- 
. poration of unrealistic but effective learning ‘aids, such as ‘ 
the, breadboard trainers used = training systems maintenance 
concept. 


Bécause df he many av varied relationships between 
fidelity and training effectiveness, fidelity requirements | 
cannot always be determined from the data available in train- 

device preliminary design, particularly for equipment that 
not directly involved in the primary tasks to be trained. 
is is true largely because, where objective operator task 


data have been, generated, they tend to relate to major tasks 
ahd to tasks whogd essential, characteristics are more readily 
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apparent at the early stages of System development, Many . of © 
‘subtle and frequently critical opérator/system interactions 

are difficult to predict during design, making experimentations . 
in crucial task training areas significant. ~ 


1.4.1.3 Sensor Display Fidelity. Most military. systems rel ° 
s heavily on the ability of operating persontiel to adjust, selene, 
interpret, and correlate information provided by one or more,.. 
special sensor systems.’ The utilization of radar, sonar, 
infrared, closed-circuit and low-1fght-level tetevision, image 
fntensifiers _and other specialized systems pick uP, process, : 
and display essential audio and visual information, which - p 
‘ yequires extensive training. in System 
and in the perception and interpretation r 
Because of the basic complexity of many ofthe’ patterns 
empdoyed by the operator, the. extreme difficulty in defining 
the manner in ‘which they are perceived, and the current 
“level of knowledge about the dynamics of perceptual learn- 
ing, display fidelity is a Significant area requiring ey- 
perimentation, , 


: 


. Operators of radar, sonar, and similar display, 
systems require two forms of training aside from the acquisi- 
tion of information about the characteristics of the system: 
First, in the selection and execution of system operating pro- 
cedures; and second, jin which th@trainee learns to modify his 
selection of a procedure, or to modify the procedure itself as 
a function of variations in the operating conditions or dis- 7 - > 
played information, The former usually does not impose strin- oS 
gent requirements om trainee station fidelity requirements i 
while the latter does. High fidelity is algo required when 
the trainee must learn to make differential interpretations of 
highly similar patterns, , : 


“f 
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Frequently; low fidelity is itself of significant; . 
positive value in training, ‘both in the employment of’ conven- 
tional displays and controls and of the more exotic sensor ‘ 
displaye, where fidelity is defined as the degree to which 
‘ idéntifiable elements of the operational System are incorpo- 
tated in training device design. Training time may be wasted 
by requiring a trainee to recognize specific effects in a. 
high-fidelity display before he understands’ them as elements 
of the total situation when they might h&ve been derived from 
early exposure to a low fidelity representation of the display. 
For example, it is common practice, in the first few. sessions 
in an instrumenfp trainer syllabus, to lock put roll and -yaw 
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until the teained has learned to control the pitch-related 

@ displays. Later, roll is added,'to help the trainee to 
oe learn to share his attention betwéén. these two areas, Finally, 
' maximum fidelity practice is achidved, with pitch, roll and °- 


> 


yaw dynamics represented all ‘at the same time. 
: — 7 ; a oa 
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Once a display has been geleeted for incorporation 
in a specific training device, its essential characteristics 
‘must be defined and related to the training. process being . - 
implemented. Two basic problems must be solved in the defi- 
_hition of the characteristics of most display devices. Firs 
the essential oharacteristics of the display must be. objec- 
tively defined, as must the interactions among ‘these charac-/ 
teristics and the’ inputs which produce them, °.Second, the 
manner in which the characteristics of the operational display 
are pereeived by the system operator must be defined so that NO 
design compromise s can be developed which reflect these per- 
ceptual requirements. For example, a sonar return varies in 
quality with variations in target type, rangé and aspect and 
with variations in water temperature and density. These var- 
iations in quality need bé represented in training, however, 
to only to the degree that they can be perceived (and/or used) 
e ; by the trainee. - ~ ..: - me 7 _ 


~ 
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DeFinition of the characteristics of the display, and 
; aa of the manner in which they are perceived must be, fofNowed by 
analysis of the manner’ in which the display and fed pevecived 

.. qualities relate to the training in which it is to be repre-. 
sented, ‘hile display fidelity is sometimes equated with the 
"realism of: the-display, and with its superficial appearance, 
fidebity in training devices can be defined only in terms of. 
those qualities which relate, either directly or indirectly, 
to training effectiveness. 

Optimiziig: the relationship of display fidelity to | é 
“ training device effectiveness requires specific capabilities : 
on the part of the Human Factors Laboratory. Assuming 
- adequate definition ‘of operational display characteristics 
and of their basic relationships with the operational tasks 
to be trained. the Laboratory must be able, first, to evaluate 
the characteristics; of the mode of display representation 
chosef® for specific training device utilization, and second, 
- to specify the~physical characteristics of displays to be used 

in training. Ideally; the latter capability should be the 

e@ _ primary function in this area, but in practice, time and other 


4 o. ; ss Ss: 
ERIC . ee 31-8 


- -NAVTRADEVCEN 69-C-0207-1 a 


* 
&, 


circumstances will make it necessary for the Laboratory to: . 
evaluate existing displays chosen by a contractor in tesponge, 
" .to a specification as well as to derive essential display 
characteristics, | : ~  F - 
1.4.1.4 Feedback/Guidance Display Requirements. Learning, 
. ‘and particularly the learning of psychomotor skills,. is usual- 
> dy enhanced by permitting the trainee to observe the results 
et of his performance, when compared with a criterion, Feedback. 
“ may, depending on the circumstances, delay learning or produce , 
learned responses which’ are inappropriate. The form of feed- ~ 
' " back employed may” or may not enhance learning, and it may vary. 
in“effectiveness from one stage of learning to another,’ In . . 
; some cases, learning rates can be improved by emphasizing or | 
2 enhancing the information normally available in the execution 
of 4 task. In others, it is necessary to gerierate and provide 
'.° artificial feedback to facilitate learning, usually in the “# * 
earlier stages, For example, an officer maneuvering a ship 
can be given quickened information, showing him where the ship 
would be at some time in the future if current: ¢ontrol inputs 
“are continued, or he could be given intermediate performance 
goals, each providing data on the current position of the ship 
and‘indicating appropriate control actions. @ 


© 


Guidance is also frequently effective in helping the 
' trainee to recognize patterns, to select valid elo taNe to 
", sense Subtle deyiations from a criterion and to e iminate in» 


effective responses, To be effective, guidance must be rele- ; 
_ vant to the’ task, to the capabilities of the trainée’,-.and to ; . & 
‘ “. ° the task criteria, It must also be appropriate to the level ~. ? 


of training and skill at.the particular time it is provided. 

Means of devising and evaluating methods of providing, enhanc- 

ing and supplementing performance: feedback must pe developed, 

to permit the development of feedback programs applicable to ae 

specific tasks, task environments, task segments, learpfing ; 

Stages, and training devices and systems,’ Also, means/are — °° 
- required for devising and evaluating guidance sehemes for the 

‘promotion of effectivé learning. : < 


» 
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_ 1:4.1.5 . Self-Instructional Equipment, It is frequently pos- | 
‘ * sible for the trainee himself to evaluate and diagnose his 


own’.performance, and to recognize requirements for further 
exposure to specific training material and practice in specific 
“ tasks. The degree to which self-instructional systems may be ' 
employed depends upon the nature of the learning material, how 
it has been segmented, and the experience and qualifications @ 


. o é - - 
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.. of the student; Where the nature of: the training situation 
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is conducive ta student self-evaluation, and where the trainee 


has insight into that, particular training.process, trainee- 
initiated instructior can reduce requirements on instructional 
‘personnel, enhance motivation; and engourage ‘the development 

of insight inte the essential nature of the systems and the 
system tasks under consideration, Self-instruction may involve 


nothing more complex than deciding to practice. a given proced- 


"| ure or maneuver again, or it may involve the selection and: .* 


.execution of any of a number of remedial: programs, These 
programs may in turn range from library ‘study programs to 
programmed texts to compietely computerized programs., Experi- 
mentation in this area can de 

~ made available t6é. the traineé, and the criteria to be.used by. 
the trainee in, assessing. and diagnosing his’ own performance. 

_ It can also evaluate alternate modes of displaying performance. 
measures and criteria, and alternate modes of providing 
trainee control over’ the learning situation. : =e 


1.4.2 Fidelity of System Dynamics, A persistent problem. - 
in the development of training devices is in the spégifica-— 
tion of the fidelity with which the operatton of the ‘prime. 
System must be representéd, -In md&t Systems, a wide variety 
ef system, subsystem, pergonnel, and environmental variables , 
determine the ways in‘which the System is perceived by the ° 
system operator, ‘and ‘the way in which it responds to operdtor 
-inputs. ‘As 4 result, the operator mst be trained, within», 
the limits of his capabilities; to account for the effects of 
many of these variables in his execution of system missions. 
Deciding which variables to represeit“in training device 
design requires informatiori on the ability of the trainee to 


"perceive the effects of specific influences on system perfor- 


mance, the influence of this perception on ‘learning, and the 
cost of including significant perceived effects relative to 
the-training costs incurred by their exclusion, f 

4 ; el 


ae Experiments in the effects of various levels and types’ ° 


-of dynamic fidelity on training effectiveness will facilitate 
the tradeoff studies required to develop efficient, economical 
training device designs, Fidelity experiment’s will be re- | 
quired in a wide range of settings, because of the wide range 
of operational systems requiring training device design 
Support, Flight simulator design frequently requires insight 
into fidelity requirements on the system equations, becatse of 
the complexity of many of the perceptual-motor skills being 
trained, and because of the expense and the difficulty of 


es 
~ 


fine the types of programs to-be 


‘have significance for the training of organizational.command. 
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pensescinp some system data. Recently, training given. in 
_F-4E spin recoveries on the NADC centrifidge was dependent: on 
the generation, at ¢onsiderable expense, of data on F-4E spin 


* characteristics. Initial employment of the F-4 did not anti- 


cipate a spin training requirement, .and as a result, the appro- 


*- priate aerodydamics data were not generated for early F-4 


similation. Similarly; requirements exist in the design of 
other complex systems, including submarines, land vehicles, 
‘air-cushion vehicles, and hydrofoils. There are also similar 
research requirements ip systems not sO closely identified 
with man/machine interfaces, including tactical and communica- 
tions systems, in which the dynamics of various types of units 
and/or. control personnel at various levels. The training. of — ; 
traffic control personnel, infantry platoon leaders, battalion 
commanders, members of the division staff£, fleet commanders, 

fire direction teams, and many other similar personnel requires 

some representation of the behavior of the system elements 

within their cognizance, Certain skill areas are particularly 
sensitive to the quality of information available on system 2 0 
‘dynamics.: Parker and Depauli (20) found,in developing a general- 
ized sonar maintenance trainer, that the functional similari- 
ties among a variety of sonar systems had to be accurately 


_vepresénted in the trainer, to permit effective training in 


maintenance techniques. Diagnosis of system status from obSer- 
vations of system performance, tracing outputs’ from the system, 


7 using the characteristic capabilities of svstem components in 


. 


of system fidelity. — 


fulfilling mission functional requirements, and interpreting 
and acting on the validity of data about igdividual system 
components all imply requirements for capaamacs| high levels 
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Operator, perception of system dhavactertetios, 
and variations in the stage of training to be achieved in a 
given setting or device, tend to minimize fidelity require~ 
ments in some areas of training, An obvious” example is the 
simulation of daylight. . In truck driver training, a simulated 
daylight scene need. provide no more than 10-or, 20 foot~lamberts 
of brightness, because the driver need not learn to deal. with. of 


higher’, more realistic leve?s. An astronaut, learning to per- . — 


form extra-vehicular activity, on, the other hand needs to 
learn to. deal with. the ‘high contrast environment in’ spaee, 


~ 


‘and with the glare generated by sunlight: reflecting -from the 


surface of his vehicle dnd his ‘own garments. Human perception 
can readily integrate different ‘sets of discrete events to _ 


_ produce identical effects,~ eae because some of the discrete 
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"set are sensed, or because ‘the presence of a basic core of 
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events in one set are subthreshold while others .in the other 


information suggests the presence of other information. The 
presence of a map symbol on a tactical display is sufficient . 
for many purposes, for example, ‘to indicate the presence of 
an infantry unit, without inéluding a display ef the weapons 
with Which it is equipped, where these can-be considered given, 
Perceptual constancy and perceptual filling can greatly modify 
otherwise predictable responses to both operational and train- 
ing situations permitting relatively low fidelity where re- 
quirements for high: fidelity would normally be expected, 
Analog displays of vehicle system performance can be driven 
_by digital inputs, for example, simply by choosing data itera- 
tion rates above the operator's threshold for discriminating 
tiem, Physically, the fidelity with which the simulated dis- 
play represents the operational display is low, but from the 
point of view of the operator, it is high, 

4 


o The stage of training to be provided in a given Setting 
alsovinfluences the degree of dynamic fidelity of the training 
device, Fidelity can,be less than perfect during the early 
stages of training and when operator skills are relatively 
simple, — : - 

; An additional. problem in the specification of dynamic 
fidelity is in predicting the attitude of the trainee with re-. 
Spect to the training system itself,- Most training systems 

are perceived, first of ail, as non-operational systems which 
require different attention sets and responses than do opera 
tional systems. More specifically, trainee stations are 
frequently perceived as learning settings, making it difficult 
for the trainee to work for operational proficiency because 

it sometimes seems to interfere with training device profici- 
ency, As a result, he tends-to respond to those aspects of 

the ‘training situation which seem able to contribute to his 
ability to obtain a passing grade in- training. For this rea- 
son, recognizing the criteria against which his learning per- 
formance is evaluated, the trainee tends to ignore variations 


\\op fidelity which would distract a skilled or experienced 
i 


ae 


operator, Trainees betome adept, for example, at identifying 
ways of flying low fidelity instrument trainers to achieve 
scorable performance, Sometimes heading can be maintained 

best by crossing controls in contrast to acceptable practice. 

in the aircraft, where this would be dangerous, and contrary 

to habits established &n long experience in the aircraft, 

Also, a study by Miller and Goodson (21) found that-—in a fixed- 
base helicopter trainer, skilled instructor pilots experienced 
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motion sickness, but that trainees suffered no discomfort. It 
was concluded that’ the presence of visual cues to cockpit mo- 
tion, in the absence ‘of the ‘vestibular cues expected by the 
instructors, was responsible for--the instructors" motion sicke 
hess, .By the same token, where training situation and opera-. 
. tional performance criteria coincide, as“they usually do, 
trainees still. tend to attend to -the stimuli and stimulus 
_patterns and to the organizations of those patterns, which 
‘appear to improve performance, -even-though they may not ap- 
pear "real.".*As. a result of the impact of fidelity of repre- 
sentat iorf-’and system dynamics on human performance and learn- 
ing, a significant number of experiments performed in the 
ETSS are likely-to be concerned with the selection of fidelity 
levels: which are consistent with specific stages of training, 
with trainee perceptual capability and with the economic re- 
~€urn of various Fidelity levels,: : 


1.4.3 Environmental Fidelity. ‘A major problem in the de- 
velopment of any training device is in the definition and re-. 
presentation of the operational task environment, The system 
environment not. only provides some of the stresses to;which 
the operator must adjust, but it also frequently provides 
mueh of the: information required by the operator in perform- 
ing his assigned tasks. Apperidix C summarizes some of the 
more significant training ‘implications of operator station 
motion’ and real-world visual cues, as they are encountered in 


¢@ 


‘the four classes. of systems reviewed. 


Frequently cost, safety, and practical engineering 
considerations make it impossible to reproduce all character- 
istics of the environment that.seem relevant to the training 

,and execution of essential operator tasks, Even more fre~. 
quently, however, it is difficult, if not impossible to justify 
the incorporation of some aspects of the environment on the 
basis of training relevance, ‘For one thing, past experience 
indicates, that all of the environment need not be represented 
for effective’ training. in flight-simnlation, for example, 
(22) the onset of a cockpit translation contains almost all of 
the information needed by the pilot in responding to that 
translation; the translation itself can -be’ deleted from the 
simulation, at-tio-‘éost- in training value. It is also apparent .. 
that due to the nature of human perceptual processes, effective 
representation of the environment rarely requireS complete ~< 
reproduction of environmental effects, . The most obvious case ; 

-in: point’;:perhaps, is the use of color film, which while not 
truly realistic, is adequate to represent natural colors for 
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most training purposes. Another is the- use of a rapid sequence 


of still photographs: to represent 


Object motion, “Less obvious,- 


but equally Significant, is the adjustment of work Station 


motion components to make limited 
of much greater magnitude, 


Highly significant interact 
among specific environmental stimy 
perceptions of combinations of envy 
experiences with flight” simlators 


movements represent motions 


> 


ions appear to take place 

li and tasks, and in the - 
ironmental effects, Recent 
indicate, for example, that 


cockpit motion cues are -perceived and used differently when 


out-of-the-window visual cues ,are present than when they dre 


not available (23). Theré is also 


7 


Some indication that : 


specific systems for representing environmental cues may bie 
appropriate for one task and not another. This is particu- 


larly evident in visual simulation 


where the resolution, color, 


‘ or field of view provided for training in one task are not 


adequate for another, Basic driving instruction, for example, 
requires only that the trainee have a.visual reference to help — 
him to sense the effects of steering while moving, braking 

and accelerating. Advanced driving, however, requires that he 


be able to. select a route consiste 


of the bearing surface and other d 
format ion-coding, capability than t 
learning task. A. similar effect a 
simulation of work station motion, 


nt with the capabilities of 


n the slope of the terrain, the consistency 


ata. involving greater in- 
hat réquired by the simple 
ppears to occur in the 

where the rates‘at which 


roll motions are "faded back" to neutral in coordinated turns 
are effective for training instrument -flight skills involving 


only moderate maneuvering. The sa 
' false cues when more rapid maneuve 


Five R and D issues requi 
-ment of concepts for the represent 
teristics in training devices: 


; 1) Sensory Thresholds - 
tor may not directly employ a part 
in exercising ‘System control, the 
tor, as a source of stress, or as 
identifying the stimuli to which a 
It is necessary to establish not o 

~ for stimuli which: might thus be si 
to determine the extent to which t 


me rates, however, provide 
rs are being trained, 


re attention in the deve lop-. 
ation of environment charac- 


_— 


Even though a system opera- 
icular environmental stimulus 
stimulus may act as a distrace 
@ source of confusion in 
ttention should be directed. 
nly the absolute thresholds 
genificant in training, but 

he threshold is influenced 


pe stimuli sensed at the same time, It is conceivable 


hat data on thresholds for discre 
combinations of cues could be effe 
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te environmental cues and 
ctive in predicting trainee 


_——— 


O- 
FERIC 


Yr 


"apparently critical signal aspects may, in reality, need nat 
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seers in complex environments, facilitating the Pee 

tion of cues for training device representation. Since thresh- r 
olds tend to vary widely with the nature of the stimulus con- | 
_ text, a critical category of experiment in this area should 
~evaluate the influence on performance and learning, of various 
stimulus values -and*‘tombinations, This would. help to estab- 
lish requirements for the incorporation of stimulus capabili- — 
ties in device design, based.on their functional significance. . 
_ System and environmental sounds may be found to facilitate oe 
performance involving instrument interpretation, for example, 
or they may be found to distract the operator oS to 
suse tty their deletion in some stages of training. 


2) The Selection of Significant Cues (Stimuli) - 
Specific information is frequently needed; in the design of a 
training device, about the pupae which environmental ~ 
stimuli are employed in learning and executing specifid tasks. 
Usually, not all of the, stimuli available in the environment 
can,be reproduced in the training situation. As a result, 

, experimental analysis is required to identify functional re- 
* Lationships among environmental stimuli-:and the tasks to which 
they may relate. For example, the level of fidelity required 
in the simulation of sonar signals depends on which character- 
istics of the signal are employed by the sonar operator. Some 


be represented. By the same token, signal characteristics Ms 
‘which appear insignificant may*be found to be essential to ~ 
specific training tasks. Mackie and Harabedian (24), for 
example, suggest further detailed analysis of recorded sonar 
target characteristics, in ‘the definition of features to be 
incorporated in synthetic target generation, because of the 
‘subtle nature of the passive sonar ehesectt carton skill.. 


. 3) Representation of Cues - The incorporation of 
environmental stimuli in training devices can only. rarely be 
accomplished by using the real stimulus itself. As a result, 
relevant stimuli and stimlus patterns mst usually be repre- 
sented in some artificial manner, In many instances, a 
variety of potential means is available for representation of 
required environmental information, but in. most cases each/of. 
these means will provide adequate representation of only 
portions of the cue characteristics ‘considered essential for 
training. At the samé time, each will tend to provide extran- 
eous information whose effect on tratring | must be defined in 
selecting the final mode. of cue representation, The basic 
problem is'in selecting the mode which, retains most of the 
essential cue characteristics, provides as few significant 
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; a extraneous stimuli as possible, and is at the same time feas-_ 
@ ible, practical, ‘and economical. A good example’ is in the 
. simulation of. extra-vehicilar visual, cues Point-light source’ ’ 
* systems are effective in the simulation, of elemefitary steering 


- _ tasks-for drivers of surface vehiclés, since they can accurately 
tat represent, twoediménsidnal relationships. They are inappro- 
’ priate for training weapon ‘system operators in target acquisi- 
, tion, however, because’ they lack regolution, brightness and 
. _ contrast, Similarly, camera-model systems are appropriate 
in aerial navigation training, but may. not have adequate depth 
of field for training in many close-to-the-surface operationg.. 


~> . = 4) Cue Interaction “= Environmental cues, _~ 
a particularly visual,. motion and. sound cues, tend to interact ° 
’ withyeach other in providing the operator with information on 
the status and the behavior of the system with which he is con- 
cérned, Effective training device design requites that the 
significance of these interactions be established, ‘particular- 
ly when . ely certain aspects of the.stimulus environment can 
be represented, Care must'be taken to incorperate-in the de-, 
vice not only the stimyli required for training Specific tasks; 
but the essential combinations of stimuli as. well. In ‘addi-. 
tion, it is ffyportant that the essential, perceived pattern of 
@ ' “cue combinations actually represent those expertenced in the 

work station, A-tacticdl commander, for example, responds :not ° b 

only to immediate data on the status and position of the units 

under his command, the disposition of the enemy and the nature ~ 
.y of the terrain, but.also to his knowledge of the action so 

far, the past performance of his‘ own and the enemy's units 

.and the capabilities of adjacent and supporting organization. 

Knowledge of the effects of- this” information must be available 

to the training system designer, in determining its relevance 

for a specific training mission. ' 


7 _ 5) “Cue Substitution ~- When an essential+cue cannot 
: be provided in a training device, for economic, safety or 
practical. reasons, a totally artificial cue or one derived : 


| 
| 
! 
| 
; 
j 


' from the general, operational stimulus complex, can sometimes. 

be substituted, Task meaning is attached to such cues through 

’ é intellectualization of the training process. The trainee 
knows that the cue is atypical, but he also knows that the : 
real cue he willuse in system operation will vary in.the same 

: . manner “as the artificial training cue. At the simplest 
extreme, telling a trainee when to begin or end a particular 
, task sequenge frequently replaces ‘a whole complex of cues 
@ which would contribute little of value to the learning of a ‘ 
i :. 
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spegific task. Another example of the concept is the use, in 
flight simlators, of.a trapezoid figure to represent the 
edges of a runway, in teaching landing skills, Many more = 
visual. stimuli are present in the real world, many of‘ which 
can be used in judging altitude, glide path, drift, heading, * 
touchdown point,, ground velocity, and sink rate, Training 

the student to land using ‘only the runway outline: permits h 

ee * to learn some of the key perceptions useful in landing, and : 

also permits him to develop the required psychomotor skills 

in relation to these perceptions, When he lands-an aircraft 


he can relate ‘the 1 cues uéed in training to their cor- 


s 


» xelates in the real’ » using? them and the other available 
* cues to improve his c lities in circumstances where the 
i cues, used in training are not as evident, and other, non- 
simulated cues are more relevant, ; 


G whfle it is apparent that some cues, representing a 
core of‘ information essential to the development of specific 
* Skills, may be taken out of context for crashing purposes, it 
‘is rare that this can be done without si ficantly modifying 
the perception of the cue. Without all of the cueg ordinarily 
availdple in landing, for example,’ the size of the runway — 
defined by a simple trapezoid visnal pattern is likely to be 
misjudged if realistfe geometric relations are used. Modify-.. 
ing the perception of a cue used in a control skill can thus a 
modify the way in which the skill is’ exercised, requiring two 
skills’ to be leaned: the first being the specific skill = 
required in operating the training device; the other the trans- ws 
lation of that skill to the operational setting. _The problem 
can be avoided by rescaling the out-of-context cue to permit 
the development of skills appropriate to system operation, and 
Jo ae “Rot peculiar only to the training device, . Flight simulator 
. motion systems cannot econemically provide some of the motion 
a cues occurring in,aircraft. As a result, motion onsets have . 
been employed to provide the essential proprioceptive cues ~-’° | 
’ required in flight control. It, has been determined experimen- 
: tally that these onset cues must be enhanced to provide the = 
r kinds of perceptions required to develop essential control ; | 
skills, at least,in pitch (25). It is apparent that the. ; 
dynamics of human perception will require specific experiments 
to fit specific:cueing drrangements to specific training 
device requirements, -A typical experiggnt in this area : 
& might evaltate the relative efficiencies of artificially en- 
whancing hard-to-simulate visual cues in a driving simulator. 
This could obviate the need, in early procedure ‘training, for 
simulating otherwise subtle color, shading, contrast and | 
. . | 
| 
| 


7 . uo ’ 
“ 


. 
. f i) 
a 
= * ’ 


% NAVTRADEVCEN 69-C=0207-1 - -* * 


. 
+ 


motion parallax cues to surface texture and Scope essential in 
skilled driving performance. The experimental approach would 
permit the "side effect" of such cue enhancement -and substitu- . 
‘tion to be specified and controlled prior to final device’ de- - 
Sign, °. : a 4 ' Pi . 
ai — - yer 
Environmental simulation: includes the simulation of the 

motion of the wdrk station, the visual scene outside thé work 
Station, the sounds which-influence the performance of the - 
System operator, and the odors which may influence his 
behavior. - Specific simulation,- training,’ and training device 
problems accompany each area, requiring the generation of 
€xperimental data relative to the incorporation of apparent ly 
Significant environmental cues in training in the development 

‘ of particular training devices and systéms, ae 


1.4.3.1 Work ‘Station Motion. .Motion of the work station can 
act as a distraction to thé operator, and it may also provide 
him with cues useful'in the performance of his tasks.. It may . 
Also constitute a source of stress and it may make certain § 
tasks more difficult, requiring the deveTopment of compensatory 
skills. In each capacity, motion has Significance for train- ‘ 
ing, which must be defined in the training situation analysis a 
for each training situation. Once the significance of motion 
for training a specific task'’has been established, the method 

"of providing. adequate motion eues must be established, either 
through extrapolation of relevant past’ experience or through 


experimentation with essential portions of the training situ- 

‘ation, . 

& Motion stimuli relevant to Operator performance can ; 

occur along and about each: of the operator's three body axes. 

Where are some motions: to which the. operator is insensitive ' * 
_sbecause of the low level of change involved. Sustained - 
“velocities are not sensed, but accelerations can be sensed a's ; | 

they occur along any of the three axes, provided they are of | 

sufficient magnitude, Motions about each axis are also sensed, 

if they exceed the sensory threshold’, for as long as they . 

occur; fixed positiohs established about two axes are.‘simi~ 

larly sensed. Thresholds have been. established for many of 
the motion’~@long and about the three axes (26), but employ- 
ment of these thréghold data in the prediction of responses 

to motion in operational and training Systems is extremely 
‘difficult, It is, therefore, necessary that experiments be _ 

performed to establish motion thresholds in task and training 

‘cantexts in which stimuli other than motion are present, 

° e ‘ ms 3 
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fa Alt io£f the motion/ues oe operatiér perfor- |\, &. 
mancé’ ‘and’ training cannot. he provided in shound-based train- . t 
*, ing devices for, practi 1 physical;! Ohca f and safety limi- 
tations, '; Thus, ,meanS\must! b egtabli§hed fer representing 
on tinit efféctiv ‘valid. training. 

ve RA 


‘certain iiotion components to tra 
‘s Sustained jaseeleration along thé longithdinal. lateral, and, 


vertical axes produced by speeding up or slowing down a 

vehicle; ‘byi dropping: it ox lifting it or by turning about: one | 
or more axes over exfended,periods cannot be adequately repre- 
sented, At empts a been nade to simulate sustained longi- ~ 


’ 
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tudinal accelerations by pitching the operator station, using 

the resulting ‘gravity vector to, produce appiopriate propric- 
ceptive‘cues, Seat belt and shoulder harness tensions have 

_ been manipulated to provide some of the Stimuli ‘accompanying 
sustained acceleration, ‘and’inflatable Seat cushions, have -been:, 
used to provide some of the sensations accompanying pitching, 
rolling, and lateral translation, Insufficient.data-are- avail-- 
able.to permit direct application of any of ‘these techniques. 
to specific devices intended to train specific tasks. Again, 
-pxperimental data are tequired to determine -the best method . 
¢ providing thé motion information required to, train: specific 
skills, aa " : 


‘ 
i 


1.4.3.2 Real-World Visual Simulation. Many training dévices, 
'.particularly those concerned with training vehicular and™~ 
weapon contra@l skills, must incorporate representdtions of some ~ 
4spects of the operator's visual environment: First, relative-.. 
ly discrete aspects -of the visual environment, likely to, have: \.., 
more ot less independent implications for. operation and train- 
_ing,»must be defined through analysis of thé tasks to which: 
they may relate;‘ second, their specific retationships to °~ 
training must ke defined through analy$is of ,ekperience with 
similar systems, through interpretation of pertinent research 
literature and through experimental evaluation of the influ- | 
enc® of specific visual scene elements on ‘effectiveness in ane 
training specific tasks; third, when visual Stimuli appear 
\. essential te ‘training but are limited by sost and/or infeas- . 
" ibility, means must be developed for Pee eee training | 
effectiveness by Substituting artificial fot more realistic 
visual cues, and-by reallocating training functions’ among 
devices ‘and operational'‘systems, to assure development of-essen- 
tial, visually related skills.‘ -Little formal experimentation ‘| 
has been conducted in the differential allocation of training 
tasks between devices and operational systems,. ould. be 
possible to optimize training. effectiveness and/cost by systema- 
tically varying the amount and type. of trainin given ‘in, for 
example, a diving trdiner and in the actual submarine. diving 
Station, ma ei. 6 UY 
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1.4.3; 2, ‘1 Visual Cue’ ity: Much of the laboratory re-- 
quirement for developing training device visual cue ,capabili- 
ties is in the analysis of visual cue fidelity requirements, . 
The requirement..is essentially that of identifying the detail- 
éd aspects of the visual cues considered pértinent to the 


training of-a specific task which influence training effective- 


ness. While visual "realism" is frequently employed, .at least 
informally, as a criterion of visugl cue fidelity, the signi- : 
egant criterion is the ability of a system to promote transfer ~ 
learning’ from the training setting to the operaticnal set- 
ting. . While subjective realism tends to influence device 
training value by.way of its motivational value, the majority 
of training, effectiveness depends on the ability of the visual 
scene to provide information essential to the task being 
trained, It is not likely, for example, that a navigator 
can learn to make celestial fixes without having a star re- 
_presentation available to him at some point in his training. 
Task-related information must be identifiable, must be capable 


' .of being recognized as a representation of corresponding 


pertinent information in the real-world visual scene and, 

most important, must appear ‘to the trainee to vary in the* 
same way as the real-world cue would vary under the circum 
stances represented, a _ _ ‘ 


Frequently, it is possible to.selectively extract 
essential cues’ from the total visual environment and present 
them economically in a training device... A tank gunner, for 
example, can learn’ most of the skills required in target ac- 


RT SHESON gun Laying, ranging, tracking, firing, sensing 
fand adjusting, using a target ‘consisting only of an outline 


of a real target; he does not need a real target for the 


‘bulk of his training. Occasionally the process of extracting 


and synthesizing cues involves significant, albeit inadver- 
tent, perceptual modificatioys that might influence - training 
by chang ing the cue ‘context amd, hence, apparent cie-related 
behavior. It is important that these changes arid ,their effects 
be defined prior to “device development,.so that the cue may 


“be scaled to produce the desired performance and training re- 
- sults, Ig effect, dll representations of visual scenes are 7 


‘extracts of the real-world and as such,’ behave differently 
from the real-world scene, either grossly or subtly, .Simula- 
tion problems -arise when the simulated cue or scene ‘appears 
adequate but produces ‘subtle differences in performance If 
the size- of the target: i inappropriate, range estimates “may ~ 
be ma de * ‘incorrectly, or Sie it has the wrong outline, its . 
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',. bility, depth of focus and image motion, Other character- 


ing setting. Binocular visual cues, for example, might at 
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type, and thus its speed characteristics may be misjudged. 

Many common perceptual constancies and contrast effects must’ , 
be considered in synthesizing cue ‘contexts through the ex- 
traction of individual: cues which seem relevant or whose 
principle utility is in their ease of simulation. This may 
occur in straightforward situations in which.control is ex- . 
ercised only through reference to the visual display itself, ~ 

or it may occur only as an apparent conflict between visual 

and other cues, such as motion, sound -or instrument cues ‘and 

produce vertigo or inappropriate learning. . 


‘ 


Specific characteristics of visual cues appearing 
to have significance in,a variety of training situations 
include resolution, color, field of view, stereoscopic capa- 


istics deriving from the means of display selected for the 
training device are also significant and require special “Ts 
attention. Point-light-source systems, for example, produce 
geometric image distortions; film systems tend to rroduce a 
grainy texture; and camera-model systems are generally limited 
in luminosity. Each accompanying characteristic must thus be,. — 


-evaluated as a part of the total training context. ~ 


\ me, “ ¥ 
Requirements for, specific visual cue character- 
istics must be specified from the analysis of the task to be.. | 
trained, Training-significant task elements are allocated ,* ~ 
among possible training settings, devices and equipment Based «1 
on current knowledge of training capabilities in the relevant’ 
area but, during this’allocation, there is a strong- tendenay. 
to emphasize task requirements that have relatively figm cor- : 
relation with the training and device state of the art. Ther@g =’ 
is a tendency, also, to require a greater visual, bimulation ——— * 
capability than is actually\required for effective training, ’ 
due largely to the difficulty in precisely ee 
requirements in training specific tasks and to the esire for : 
Nrealism" in thé visual scene. Visual cue requirements, 


frequently appear more significant in initial’ Analyses of the 


- task to be trained than is found to be ess@titiat for effective 


training once the task has been related to the specific train- — 
first glance appear critical in piloting but in fact are not, 

since objects used for visual reference are usvallyvat some: . 
‘distance. They are probably not employed at ald excégt in 

formation flight an in-flight refueling, where ‘maneuvering 

is performed relative to close objects.- The experience of 4 
one-eyed pilots, and experiments with the deletion of binocuy — ¢- 
lar cues in airpiane Landing (27).tend to support this view. 
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° e - Current Sepeeieass ‘in visual gimulation strongly 
,indicates that the purely visual aspects. of target.detection . ~4. 
cannot be simulated, due both to limitations in the displays - 
available and to problems in defining the, influence of visual 
,elements and interactions 9 among elements on operator perfor- 
mance, _The most effective training in target detection 
employs ‘a sequence of settings: 1) classroom orientation is ~ 
provided on the nature of the detection-‘problem, t the nature - 
and éffects of variables influencigg detection and.on the 
‘procedures to be employed both in visual search and ‘in ‘ 
response to a deteétion; 2¥ a procedyres brelace is sometimes — 
employed to provide’ practice in the execution o€ appropriate 
‘procedures; 3) a.system simulator may be used tp train the 
‘dynamic skills required to maneuver around. and engage detected 
: targets,. where’ a vehicle system or a _maneuver ing unit is ~~ 
=. involved; sand 4) training “in detection must culminate in Se : 
, real-world exercises with field training comprising all essen- ‘ 
tial parts of the tdtal system, es ; abe ‘ 


_—— ; The allocation of training subtasks to specific ; _ 
‘ ‘settings . must resuit in the, utilization of specific, releyant;' 
feasible and economical capabilities of each ‘setting, both for 

~ @ " efficient presentation of training material and for the effici-.. 
‘ ent control of the. learning process, In the development of 

, most training devices, it is necessary ee ‘develop a system of, 

mutually interacting training settings, rather than attempting 
to develop specific deyices to support discrete task elements 
considered to be outside the total training context. Experi- 
mentation is a major. part of the development process in pro- 
.viding objective, relatively.immediate data on the training. 
significance of specific task requirements and on the capa- 

, bilities of all of the’ available devices and training settings.’ 
Training economy and training efficiency would both be opti- 
mized if experiments could evaluate the.relative merits of 

_ relying on various. proportions of device and vehicle time in 
training driving skills. A representative experiment might 
measure the effect on later performances, of assigning the.* 

“ majority of training to driver trainer, or to an automobile 
itself. ake from such .a & experiment would reveal the train- 
ing value of each ‘approach, whick would in turn have implica- 
tions for. training cost. ~ ; . 
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ae * 1.4.3.2:1.1 Visual Cue Hiewace: “one of ‘the more: Sbyioue, 


a : réquirements in the generation of visual cues for training is . 
_ Fok resotution of visual detail, The-Level of resolution 
r a pkovided detexmines the eee with which object sizes, 
Nn a 


Q . 7 * é 2 . . : . . ‘ oa . , = 
‘ENC \) a ae SO * & ~ * . om 


of, 
fl 


Q- 
ERIC 


‘, NAVTRADEVCEN , 69-C-0207-(i 
shapes and contrast gradations are represented. Resolution . 
thus‘has significant implications for operator: training to the 
extent that size, shape and contrast are signifigant in the 
learning and execution of operational tasks. While it is © 
generally understood that the training effectiveness of 
visual simulation devices is more or less directly related 
to the degree of resolution they afford, problems .in providing 
adequate visual detail are. usually associated with defining 
the minimum resolution’ requirements for representing task- 
related elements of the visual environment, and in selecting 
a visual display mode or a combination of modes that provide 
the levels of resolution required. Basic cue requirements 
are derived from analysis of operational tasks, but finak. 
implementati®n of cue requirements in training device design 
is idedlly. the result of design and training tradeoffs among 
alternative approaches, based upon objective experimental -° 
data, Consider ble attcntion has been given, for example, 
to the kelative merit of black and white and full-color visual 
Simulatton of real-world visual cues. Chase (15) has analyzed 
the value of’color in aircraft landing training, but it has | 
implications for many other dreas of training, both in flight 
skills and in the operation of other complex systems, such as 
in ship operation, tank driving, target acquisition and gun- 
nery- , 


Color’is esseritial in the execution of some ; 
nouplex tasks, and must be.incorporated into the design of 
training equipment for such tasks. Color is of special sig-. 
nificance where different responses are made to colored 
signals, and ‘color contrasts, when subtly used, may also be 
effective in training many tasks, even in establishing the - 
"acceptability" of a training device., while acceptability 


_ does not often relate closely enough to training value to 


justify its expense, color may add enough realism to convince 
the trainee that the degree of correspondence between the 
device and the operational system warrants its use in the 
development of operational skills. In these instances, re- 
guireménts for the presence and:the quality of color in the 


_ device visual scene can be established best through experi- 


mentation within a representative training task context. -_ 
Colors, aside from those used as signals, interact with oper- 
ator tasks by facilitating the identification and differen- 
tiation of objects. In some systgms, they may facilitate : 
accurate fudgments of object distance by varying.with atmos- 


pheric attentuation. In many sy&’tems, the influence of color. 


S 7 . 6% ty 
bo. t', 


ue : ‘ = 
‘ _ * - + +s Pp 


*) 


8 
. 


o 


c 


NAVTRADEVCEN 69-C-0207-1 . 
ce eal ‘ae 


on performance and trdining is unknown, and objective defi- 
nition is ecqurnes before specific design decisions can be 


~~" made. cy, 


Field of view: depth of focus, light variations . 
across a visual scene, the significance of binocular and 
monocular viewing, image registration, and visual system exit 
pupil size can also- influence the quality of specific ‘systems 
for operator training. The approach employed with respect 
to each of these areas of consideration must be directly 
related to the tasks being trained and to the overall approach 
used in training. rs 


« 


kr, 4.3.2. i. 2 Visual Display Modes. In each area of training 
device design, training effectiveness depends heavily on the 
peculiar capabilities and characteristics of the mode of sim- 
uldtion chosen, Each mode has its own specific character- 
istics, some of which make some aspects of visual simulation 
easier than others. For example, film téchniques permit good 
color rendition and good resolution of detail, but limit the 
field of view and the degree of control exercised by-the. 
trainee. Point-light source visual systems have great flexi-. 
bility and wide fields of viéw, but poor resolution and poor. 
rendition: Television systems are also quite flexible, but 
tend to’have narrow fields of view, short depth of focus, low 
light levels and relatively poor resolution. ‘ 


. Selection of the proper dispiay mode for training 
specific tasks requires not only that the task cue requirements 
-be carefully defined, but that the capabilities and limitations 
of each potential method of cue generation be understood. 

Ideally, it should also be possible to quantify the relative 
costs and. values of using each mode to permit the selection 
of mode to be based not only on lowest, incidence of undesired 
features but also on the relative training decrement resulting 
' from each of these features, Much of the matching required, 
between cue requirements and display capability can be per- 
formed analytically, but the difficulty of defining cue 
requirements, especially for training operator tasks in novel 
systems, and the difficulty of relating specific aspects of ~ 
a display.characteristic to these task requirements necessi- 
tate that final selection of a display mode be accomplished 
through objective evaluation of ROE -nete? modes within criti- 
eal task contexts. 
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1.4.3.3 Sound Simulation,’ Many. of the sounds produced by 
system equipment and by the operating environment, are signifi- 
cant in the learning and execution of system operating tasks 
and must, thus, be represented in training device design. 
Sound fidelity requirements have significant cost implications 
and, thus, must be establishéd for each training task and _ 
device, The specific characteristics of system sounds must 

be established experimentally in the areas of application ° Z* 
discussed in the- following three subsections. —_ , 
+1,4.3.3,1 Presence/Absence of Sound. System sounds may 
influence the operator in three basic capacities: 1) as 
distractions,that ‘force the operator to attend to nore stimuli 
‘than are directly relevant to his task;. 2) to mask’or distort - 


his perception of sounds essential to the execution of specific 
_ tasks; and 3) to Sepugsent or contain information directly 
related to task performance. In many instarices, sounds act = 
as-indicators of system and subsystem status, providing im- 
mediate information sometimes not available from other, more ~ 
formal sources) In some aircraft, for example, lack of 
noise associated-with the periodic build-up of pressure in 
a hydraulic’accumulator can be an early cue to a malfunction. 
In a remote-control weapon system, the sound of weapon firing. 
may. be an essential’ cue in assessing system operability. 
Similarly, the background noise in a tactical communications 
* net,.or its absence, can have significance in informing a 
commander of the status of the net and of.the units which it 
links. |; *, . ; : ales . 
“ Sounds cannot only degrade operator performance by 
their distracting quality, but can also degrade training 
effectiveness if incorporated at the wrong point in training. 
Experiméntal.data are required to’establish the point in 
training at which specific sounds distract the trainee and the © 
point at which they Sbdbets Gane essential to training. A - 
trainee learning to drive 4 truck in a driver trainer, for * | 
example, may be distracted by engine and transmission sounds '- 
during the period in whith he is learning basic driving and 
gear shifting procedures. Later, these same sounds may be 
-critical in helping him'to apply those procegures in the ~ 
‘development of more advanced driving and transmission’ control 
skills. It.is currently common prattice for sound simulation ~ 
to be deleted.during those periods in.which it.would detract , 
from training but unfortunatély it often continues to be™ 
_ deleted during periods of need.” 
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Lids 3. 3.2 Sound ‘Correlation, To be effective in training, 


“system sounds must be correlatéd with other information avail-, 


able to the operator and with his responsés, Again, complete 
correlation could be of negative value at certain points in 
training, but -a basic capability for sound simulation within 

a total training context is significant, The sounds generated 


‘by current training devices are generally regulated by the ~- 


instructor, who decides whether the sound is required, at a 
given point in training or not and the amplitude at, which it 
should be represented, In the process, the correlation of 
sOunds with other events in the training situation is frequent- 
ly lost or distorted, Experiments in the programming of aural 
instructional information will be required to establish 
optimum degrees and modes of sound correlation and instructor- 


independent control. + 


1.4.3.3.3 Sound Composition. Most.sounds, are made uf of a 
mixture of periodic and aperiodic components, each of which 
contributes,to the perceptual impression made by the sound 

as a whole, Particularly in the case of the sounds heard by 


a ar operator, the composition of the sound is significant 
in, the adentification of the sound source and in evaluating 
the influe of the propagation medium .and background 


; sources on suun&g and other operationally significant, phenom- 


ena, Attentation, ‘distortion and displacement of a sonar - 
ping, by temperature gradients, for example, provide data 

useful in«selecting the right. depth for concealment of a 
submarine and, by the same token, data relevant to the seél- 
ection and employment of other means of searching for a Pe 


> 


while the composition of sounds employed in system 


operation can be relatively easily established, knowledge of 


how sounds are pérceived, analyzed and employed by human oper- 
ators is limited, limiting in turn the ability of the training 
device designer to establish. required thodes, levels and costs. 
of sound fidelity.- In deciding whethér and when to provide 
a sound, experimentak data mst be made available to determine yg 
the level and. type of sound comple:ity required in learning 
specific sound~re lated tasks, and the levels of complexity ' 
appropriate at specific stages of’ training,. Some. radar 
one rators have said that they can diagnose prob lems in the 
radar set>by listening to the sounds it makes as “pt operates; 
good Automobile mechanics also’ learn to use sounds~in the 
Migenbet> o£ engine and ay eren ‘performance , interpreting 
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cues which are essentially unavailable to the untrained, Ef-. * 
fective training in such perceptual skills requires detaided 
analysis of task-associated sounds, and of their implications 
for-training, through’ heir icontrolled introduction in experi- 
mental bvac aa situations, 


June major implications for FTSS design, of the area ,.. 
. o; environmental simulation lie in the little-known relation- \ 
Ships among environmental stimuli and Operator perception, : 
learning and performance. These relationships are unknown 
due laryely to the specificity of task situations,.and to.the -- 
~ multiplicity of.ways in which these situations can be organi- 
zed by the perceptual processes of the human operator, In 
¢ x specifying the approach to the simulation of each environ- 
_mental cue, the designer must have data,-hop fully from 
fermal studies, which define the effect on trainee perforn- 
ance of each cue and combination of cues relevant .to the 
stage or training under consideration, 


: 1, 4.4 edteauetoaat Management. Training in complex know- 


ledges and skills begins frow what the trainee already knows : 
or can do, progressing gradually to incorporate sore and more - 3 
knewled:e and abilities in his repertoire, Training programs 
in general attempt to divide: training into manage able,, nean- 
ing ful sezments that can be readily graspéd by -the trainee and 
incorporated in his repertoire. They algo control the rapidi- 
ty \ith which the trainee faces couplex performance problems, 
anc they modify the training maou consistent with ‘imnedi- 
ay ate trainee capabilities and progress. Recent developments 
_ in training sanagenent have aade it Rees ibie for auch of the 
ork envelved in these functions to be perforned aptomatically — 
with a sinimem of direct involvement of instructors and other 
traiuidAg personnel. This has produced more efficient, less * + 
“expensive training, “and to some extent more objective trainee 
wuidance and evaluation. Future trends indicate greater ad- . 
vances in the objectivity of training control, continucd ‘rodi- — 
ficatioN in the functions to be perforwed. by the personnel 
responsible, for training and, perhaps most significaritly, 
greater requirements for the derivation and application. of 
analytic -techniques: that can provide objective,data on oper- 
ator » rfervance, learning’ and learning control: , 
. _ The implementation of programmed instructional tech- 
niques, requires the timely generation of objective task and 
training data, and,the development of programs specific to 
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@ the training device or system under consideration, This is 
not essentially different from’the traditional approach to 
training device developmént, except that the development of - 
the device characteristics essential to programmed instruction 
must be accomplished much earlier in training system: develop- 
ment than has traditionally been the practice. Once device ; r 
characteristics have been defined, they are difficult to 
modify; design decisions relative to programmed instruction - =~ 
must frequently be made early, and they must be more nearly- = 
correct than when programming is.left to the ingenuity and 
the flexibility of the instructor and his lesson plan. ~ 


; Most. data required to implement programmed instruction- 
al techniques in training device design are available. from, 
training situation analysis, and from classification tests ~ 
given trainees in their selection and. assignment to training. : 
\\ Other information relevant to some aspects of training is also 
available from the training giyen in similar systems prior to 
the situation under consideration: Significant amounts of 
data are required, however, pertaining to the operational 
system for which training is to be given and to the training 
situation anticipated, A major fupction of the experimental * 
simulation system will be in providing information essential 
@ to the development of specific instructional programming’ capa- 
bilities. Experiments are anticipated in-the development of 
performance measures and methods of exercising control over te 
training process. er a “ 


* 
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1.4.4.1 Performance Measurement. Measurés of trainee per- 
formance compared with éach other and with similar measures | 
‘of skilled performance can reflect. rates, leveis, and direc- - 
tions of learning ’and the quality of the learning situation. ° 
They can alse be uséd to diaghose learning problems and to om, 
suggest approaches to ‘'the”*guidance of learning. -, For these 
reasons they are crucidl in the development and implementa- 
‘tion of trdining. . — . res ae ; 
A major problem in the measurement of trainee pér- . 
~gormance and in the interpretation of these measures is in , ..°. , 
establishing their validity for-system operational .perfprm-~ rv. ; 
ancé, Much of the validity must necessarily Be established oy 
through rational*‘analysis of system performance information. .." ’ 
generated in the training. situation analysis, and through . res 
analysis of possible methods of prodiding criterion perfor~ .‘* 
mance, Significaht additional data muSt-be developed, ~.- ’ 
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@ however, through ¢xperimentation in relating. per farmance | and ‘a 
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learning in restricted learning situations to petformance in 
the prime system. Successful operator performance in a new 

_ system can usually be reasonably well defined through analysis 

f of performance on similar systems currently in operation, 
These performance predictions can usually be further refined 
through experience with the prototype system. Estimates can 
be made similarly of the nature of the systems, devices and 
programs likely to be effective in producing acceptable levels os 
of operator performance, and many of the measures of learning 
and performance employed in current, similar training situ- ~ 
ations can be analyzed for applicability. In the final analy- 
sis, however, it will be necessary to collect data that re- 
flect learning conditions in settings relevant to specific . 
systems and system tasks, and that can be employed in evalu- 
ating and guiding training. . 


Training in the present context includes .the acqui- 
sition of both knowledge and skills. The measurement of ; 
knowledge is relatively straightforward, assuming an adequate 
definitiog of essential knowledge. Standard paper-and-pencil 
measures can be employed and data can be readily analyzed 
using simple. computer techniques. Skills can also be measured, 
but more complex insights, procedures, and equipment are 
required to desure identification of significant skill com- - 
ponents ‘and to permit measures of these components to be made 
and evaluated. Many different aspects of a given’ performance 
can be measured and recorded, Many aspects may‘be highly 
correlated with each other, requiring measurement of only the 
more convenient. Some aspects may more accurately reflect 
_ learning than others, while some may be more reliable predic? 

tions of operational performance than others. Criticai ex- 
periments must, be performed to clarify these points with | 
respect t6 the' design of specific training situations. Parti- 
cular attention is required, in, analyzing the skills involved 
in operattonal performance, to identify skill components 
which relate directly to skill level, ahd whiclt are at the 
: same ttime accessible to measurement in training, Once appro- 
priate components have -been identified, means of, measuring 
them in training must be defined. Frequently, it will be - 
necessary to develop measures which cannot be related directly 
to‘system operation, due to the newness of-the system, or to 
its inaccessibility'to the device design team, . When opeta- 
tiofal skills are well-defined, experimentation can establish 
the most reliable, valid, accessible and economical’ perform- 
.ance measures to be employed in training evaluation, When 
‘these skills are not well-defined in the operational setting, - @ 
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experimentation can establish correlations, among individual | 
behavfors occurring in the training setting and between these 


behaviors and total performance, These experiments can'estab- ~_— 


lish reliable performance measurement approaches which can 


later be validated when performance in the operational system 
can be assessed, . 


. t 


_Once methods of measurement have beer defined, 
schemes for their mechanization and utilization must be 
established: first, training device design must permit 
measurements to be made; second, it must permit measurement 
without disrupting training; and third, it must provide per- , 
formance data in forms consistent with their intended purposes, 
The identification of the performance parameters to be 
,measured is a function cf the training situation analysis. 

The development of ways of*measuring without disrupting train- 
ing and of ways cf employing performance data are functions 

to be established by a capability like the ETSS. 


In most cases, training devices can readily permit 
measurement without trainee distraction. when a computer is 
a part of the device, performance information is frequently 
. availiable through interfaces with the computer program. In 
many training devices, synthetic system outputs which are, 
influenced by trainee performance and the conditions under 
which they were generated, are’ or may be recorded. Most ; 
training devices and systems permit instructor monitoring of 
system status and‘trainee petformance to provide useful data 
for ,the guidance and evaluation of performance and for evalu- 
ation of the training approach itself. Frequently, however, 
special means-must be provided fox coilecting and organizing 
information essential] to training. Training is frequeat ly 
facilitated when the conditions of practice can be adjusted 
to aspects of trainee performance which are not directly tes 
flected in the usual measures of learning progress. For 
example wthe score achieved with a given sound fired in 
mavkenahebip training is a'gross measure of performance; but 
does not contain enough information by itself, to permit 
adequate guidance in improving performance. Additional data 
on whether the trainee flinched, whether he jerked the trig- 
ger and where in the sighting training-firing cycle these - 
events occurred could be of ‘significance in improving his 
performance. on subsequent shots, If, in turn, these: data 
could be related to earlier performance jin related skills, 
even more appropriate guidance coyld be provided, In these 
situations, it is essential that the measurement and the 
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training processes interact to enhance training. . Sometimes 
this interdction may be intimate, as in the employment of 
the same data for feedback as is recorded ‘or~displayed for 
évaluation, It is frequently possible for measurement to 
detract from training value if it delays or interrupts train- 
ing, if it provides undesirable information to the trainee, 


‘or if it:provides information at the wrong time or in wrong —— = 
form. . : ye Ee 
° . n omplex performance is involved, performange ‘feed- - 


‘back ma% occur too late to be of real use, due to.the limizs ,. °: 
tations of the display or hard-copy equipment available. In 
air-to-air gunnery, for example, the trainee must wait for 
a, tow-target to.be scored, or for gun-camera film to be de- 
veloped and.projected, before he can relate his gunnery per~ 
formance to‘his actions in the gunnery pattern, making \this 

. form of feedback nearly worthless in establishing cprrect’ 
aiming and target-leading befaviors. Sometimes, even the 

-overt act of méasuring perf . if* the trainee is aware 
of it, can influence training progress. ‘The trainee who is 
aware of being observed may decide to "go by the book" rather 
than using imagination -in a decision-making situation. By 
the same token, the trainee who knows his performance is- 
being monitored is more likely to ‘attend to details than to -: 
one who knows that only his final performance will be ex- : 
_amined, The measurement process may even prevent the trainee 
from receiving essential, a alacaaa ie 
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My Usually; the display, processing and recording: of 
" data available in the device computer need not interact with 
the trainee or with the training process as it is perceived 
‘ by the trainee, Problems arise when displays, printouts and 
records that form a normal part of the operator station are 
nnotated or processed to adapt them to performance measure- 
ment and recording. When the processing modifies either the 
data gor the training. procedure, experimental data on the 
training effect of these modifications must be gathered to 
assess.the degree and mode of ds8ruption of training.’ . ‘ 
' Ordinar#ly these. problems will require little experimentation, — : 
provided adequat® training situation data are available in 


~” 


the development of device specifications. _ 


rhe measurement of performance in the ETSS will 
take a numbér of fotms, because of the variety of tasks and 
task elements within its area of responsibility. A consid- . 
- @rable amougt of measurement will consist dn the evaluation. | 
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of Saher euseneuert data eeuewated by: ‘the subject. Other” 


; data collection will involve more’. elaborate hardware and. 


programs which in-turn will-account far a significant amount’ 
of cost and system design, effort, The areas having the most 
significant cost implications. are in the measuretent of pere. 
céptual skills, procedural skills, perceptual-motor skills 
and judgmental skills. me - ‘ 
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1.4.4.1.1. Perceptual Skills. . It will be’ necessary in tke 
evaluation of effectiveness of approaches to ‘training of 
perceptual skills to measure sub’ject responses. Perceptual 
training usually involves Ll sagas of patterns of stimuki 
to’ which the subject must make a défined response, recording . 

of the responses and analysis-of responses to reveal per- 
ceptual modes and learning trends, rates, and levels. “ 


y 
Bi 


Major perceptual training requirements include 
those for radar, sonar, ECM, MAD and infrared interpretation, 
Also, unaided ground-to-air and air-to-air airchaft recogni- 
tion training will continue to be significant for the foresee- 
able future. . Unaided and optically aided air-to-ground and 
ground-to- ground target detection, acquisition and recognition | 
will also continue to’be major training problems, In each.of 
these ares, relatively few. effictent methods of synthetic A 
,_training or performance; havy beé¢Adeve loped to date. Most 
perceptual training is given through exposure of the ‘trainee 
to situations that he must interpret, or to limited .segments 
ofthe situations, which require him to identify. essential 
characteristics by becoming familiar with essential elements 
one at a time. Most synthetic training approaches have. been ; 
limited by the capabilities of ‘the display media ‘available, | 
and by attempts at using the necessary limited » ‘capabilities of 
various potential training approaches for training total per~ 
ceptual skills. Very few attempts have so far been made at de- 
fining skill elements that are both méaningful and compatible 
with the. capabilities ‘of available training and measurement m 
techniques, Requirements for experimentatior- exist in two 
areas: 1), in defining essential elements of perceptual skills 
fequired of operational personnel; and 2) in relating these 
elements empirically within a training. device context and’ © ° 


1 


within a training system'to permit development of training cae 


situations and measures that are not only within the device 
state-of-the-art but that also: eackiahate training in nearer 
ally defined skill elements. 
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(1,4.4.1.2 Procedural Skills. The devélopment of skill in the ° 
Ps execution of procedures must also be measured to permit ef- sig. 
fective training. Many military*operations require execution 
of fixed procedures, some of which are required in the oper- 
ation of system equipment ,. some relate primarily to communi- 
cations while others are concerned with tactical employment ° . 


: and maneuvers, All procedures have a. requirement in common, 
for the execution of a relativély fixed series of actions. 
. 5 For most of these,.the requirement is that these actions be 
7 initiated at a pa¢ticular time or in.-relation to a specific 


; event, and that eaeh procedural step be executed at a specific . 
time. In some cases, it may be necessary to:modify a selec- 
’ ted procedure in response ta modifications in the operational 
~ i slic se -Procedural skills may, be. evaluated, then, in 
térms of the: time and event at which they are initiated, the 
order in which procedural actions occur, the pine eequtred” to 
execute procedures, that must occur rapidly, the correctness 
of each procedural’ step and the ability of the trainee to - “ 
modify procedures as required. 
4.4.1, 3 Perceptual-Motor. Skills. _Many systems require ‘ 
chew responses that are, essentially, the result of- continu- © | 
ous sensing, organization and integration of data froma — 
variety of sources, A rifleman, for example, uses range in-" 
formation obtained from his own perception and/or from a 
mechanical source, plus,ballistic information and lead data 
from memorized sources and/or from experience, together with 
* his visual and muscular skills in aiming at a target and 
° squeezing the trigger. In a sense, he executes a series of 
. procedures, but their dynamic interaction with the environ- 
ment (range and. target movement, particularly) involve con- 
-stant iterations and modifications of what might otherwise be 
= considered discrete events, At another level of complexity, 


- » * a pilot landing an aircraft must continuously sense and, com- 
. pensate for changes in airspeed, altitude, angle of attack, 

carrier speed, wind velocity and ‘direction, deck attitude © way 
7 and the effects of turbulence and sea state in controlling _ 


his aircraft. In each case, perceptual-motor learning 

‘ involves’ psychological and ,learning processes that are dif- - 
ficult to assess. For purposes of analysis, measures of per- 
ceptual-motor performance have been developed, howeyer, that 
reflect learning with sufficient validity to permit develop- 
‘ment and evaluation of alternate learning approaches. 
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The measurement of percentasi= motor skills is of 
apecial significance in the current system capability due to 


‘the extremely large proportion of time and money expended in 


training perceptual-motor skills in driver trainers, ship 
handling simulators, flight simulators,, weapon system trainers 
and similar devices. Accurate and valid measures are essen- 


.tial in derivation of efficient training techniques and , 
- devices, and in development of techniques for utilization of 


automated training methods. 


.1.4.4.1.4 Judgmental Skills, Many of the skills involved in ' 


military operations are similar to perceptual-motor skills in 
their involvement with analysis, organization, perception and 
integration of current and stored data from a variety of 
sources, Their’dynamics and intellectual nature, however, 
tend to make them less accessible to measurement, evaluation 
and training, Their measurement is critical, however, in the 
development of valid methods of training. Judgmental skills 
can be measured by comparison of trainee performance against 
performance of experienced personnel, or against judgmental 
criteria (standards) developed by computerized gaming. 

In general, the major problem in measurement, re- 
cording and utilization of performance information is- in the 
development of specific methods of data display and-utiliza- 
tion consistent with the basic functions of the training 
system, with the learning principles involved and with the 
characteristics of personnel and the training situation under 
consideration, Usually, more data are available in a given 
training system than can be directly employed for training or 
for trainee and/or system evaluation, Ddta must be processed, 
however, to reflect learning rate, errors and system faults 
and to indicate required guidance and system modifications 
without requiring: extensive interpretation. 


Part of the solution to this problem is in iden- 
tification during the training situation analysis of relevant 
performance.data and criteria about the likely intercorrela- 


' tions among performance parameters, learning and transfer. 


Another, part is in experimental evaluation of specific ‘data 
and combinations of data as predictors of learning and trans- 
fer of training. This requires that significant portions of 
the: task to be trained be subjected to experimentation. 
Experimental designs should define measurable performance 
data and permit their correlation with each other and with 
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t : , 
measures ,of opergtional performance to e&tablish valid ‘per- 
formance critéria for predicting both learning and transfer 
of training. Performance data collected during experimenta- 
tion should then be processed for: ‘four applications: 

1) > Eunbowment as feedback ar the trainee to 
ane T TS Ente learning. 

2) Indications to the .instructor conc€rning the 
progress of learning for his use in guiding the learning 
process,’ ‘ 

3) Scoring of performance to reflect trainee 
progress toward training and operational performance criteria 
and to reflect training device validity. : 

4) Computer control of -guidance and adaptive 
training regimes. 


‘ Further experimentation is required to evaluate 
the effectiveness of each measure and each data processing 
approach for its utility in its specific application. 


1.4.4.2 Trainee Monitoring. Training management requires 

some degree of contact between the trainee's learning pro- 

cesses and the persannel responsible--for training. The 
degree and mode of coritact will vary with the type of task 
being trained, training methods employed and capabilities of 
both the training system and personnel who employ it.’ Ordiz 
narily the assamption can be made that at least some aspects 

Oof@crainee performance parallel his learning processes and, 

thus, trainee monitoring tends to inyvolve the monitoring of 

performance of training tasks and subtasks having defined 
relationships to learning’ progress and transfer. 
q ‘ ' 

‘Three basic problems in per formance monitoring re- 
quire attention in_the development of training devices. 
First, it is necessary to define the use to be madé of the 
‘monitoring situation, Immediate guidance of training re- 
quires rapid processing’and display of relevant performance 
“parameters,. and frequently the display of certain inter- 
actions among some parameters. ‘The cross-country and ap- 
proach recorders on Operational Flight Trainers are examples 
of simple, meaningful integrations of data generated in’ com- 

\ plex pilot performance. Use of performance data for system 
quality control, _ for grading and. scoring requires less 
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; _. * immediate data application and may require that data in dif- 
“@ : tferent form. Second, the effectiveness of instructor evalu- 


-ation and guidance depends very largely on the form of 
information provided,’ its relationship to the learning pro- 
cess; its timejiness~and theextent to which it directly 
suggests, the form of guidance required. A display may tell 

the. instructor: that a truck driver trainee is going- 30 mph; 

: * for example. If it-can also display the optimum speed range 
‘ : for, the task being learned, it becomes a more ‘effective ‘ 
-deVice for guidance. If, further, it can simply display how 
much the driver should speed up or slow down to meet the 
. _ current speed criterion, it may minimize. nonessential in- 

re struetor participation. At the lower level of display 
ss ‘ sophistication, the instructor must relate the displayed ‘° 
speed to his knowledge of speed appropriate to prevailing 
conditiohs; he mist decide whether the trainee needs guidance 
at this time, and he must prepare and deliver an input that 
will facilitate learning. At the more sophisticated level, 
the instructor need only decide whether to spEOvase guidance 

2 . at this particular time or not. 

- 
Finally, it is necessary to determine the degree to 
which trainee monitoring can employ the data used by the 
© . trainee, and the degree to which the ddta must be processed 
or modified. In some training systems the instructor has 
ready access to information used by the trainee in learning. 
Occasionally, this information is of value to the instructor 
in anticipating trainee performance requirements and in evalu- 
ating his actions, but frequently the information used by the 
student is. of little direct use to the instructor, who is 
most concerned with the task situation at a given time, tbe 
hierarchy of response alternatives open to the trainee and 
the effectiveness of the trainee's choice and execution of 
responses, Fromer and Horowitz: (28) suggested that the in- 
structor may not need the same kind of information as is 
needed by the student in an Operational Flight Trainer. The 
F-4E Weapon System Trainer exemplifies this concept in the 
display of engine status information to the instructor. Linear 
meters are used to display both the readings of the pilot's 
engine instruments, and the difference between the readings 
of the pilot's displays. Previously, duplicate instruments 
were placed at the instructor's station, which do not lend 

‘ themselves to this type of comparative interpretation. One 
of the functions of the facility in question will be to de- 

vise and evaluate ways of organizing and providing essential 

. monitoring information for specific devices and for training 

@ of specific tasks. ‘ 
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1.4.4.3 -Training Situation Control. To be effective, each 
‘training session“must progress through a series of steps: 

1) the function of the session mst be defined so that the 
trainee .and the instructor know the task to be practiced, the 
exiteria to be reached and the training approach:to be employ- 
ed; 2) the trainee must be permitted to practice relevant 
tasks or subtasks, and he nwst be provided guidance as appro- 
priate: and 3).a score or series of scores must be generated 
to.describe his performance during the sessic.. uid his quali- 
fications and/or needs for further training. Traditicnally, 
these functions have been the responsibility of the instructor: 
he defines the functions to be performed, the criteria and the 
training approach; he inonitors the trainee's’ performance, 
curing practice and provides comments about the meaning of. 
errors and devises methods to reduce and/or eliminate them: 
at the end of the session the instructor debriefs the trainee 
and assigns scores that tell him the nature and quality of his 
status at that time, and prescribes remedial work and/or 
further training as appropriate, ; 


‘“\ 


Recent efforts have been effective in relieving the 
instructor of the responsibilities in this paradigm that are | 
more mechanical than insightful, and in making more objective . 
those responsibilities that have been, within the state of 
the art, unnecessarily subjective. As’a result, training 
devices in development and anticipated: for the future will 
make more appropriate use of unique capabilities of instruc- 

_ tor personnel, device hardware and system programming., 
Making more appropriate use of training system components 
cannot occur’ in, the, present device development context. 
Expansion of training situation and task analysis efforts is 
‘required, and will contribute significantly ‘to. the design of 
effective devices,’ but an additional capability is required 
for experimental evaluation of means of allocating training 
control functions to ‘components of the training systems, 
Specifically, the design of each training device must have 
available empirical data or the relative effectiveness of | 
alternate allocations of four basic instructional functions: 

1, Trainee Pre-Training Briefing 7 In some situ- 
ations, the trainee can be briefed on the tasks, approaches, 
conditions and criteria appropriate to a given training 
sesSion by a recording. This is particularly effective when‘ 
the session is a fixed -entity and the tasks to be trained are 
straightforward and well-defined. When training is necessar- 
ily more flexible, as in refresher training of experienced, 
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id © ° personnel, it may be more effective and economical for the : 
instructor to provide the briefing based on knowledge of the ' 
trainee's. level of capability and specific training needs. 
The briefing may also include a demonstration of the task to 
be learned, which again may be best accomplished by a fixed 
program or an instructor. a 


2. Trainee Practice and Performance Feedback - 


: During practice sessions, the trai needs periodic infor- 
« ‘mation on the quality of his approach and performance, The 
training system itself needs performance information in order 
- 4 to continue to prescribe efficiently the conditions of practice 


and training. Performance data may be collected by the ,in- 
structor or by the training device, providing each is appro- 
priately programmed. Allocation of this function requires 
that data be collected in an experimental setting that repre- 
sents crucial parts of the device utilization setting under 
consideration, to permit due account to be taken of the situ- 
ation variables that influence the relative’ effectiveness of 
various approaches to trainee monitoring. The qualifications 
of the instructor, the level and complexity of the training . 
given, the intrinsic value of the training and the ratio of . 
‘@ availability of instructors at various levels of competerice 
to the number of students’ to be trained are all significant’ « . 
influences on the mode of performance monitoring to be 


employed. - . ‘ oe 


_— 3. Guidance - Data collected on the quality of 
=| trainee performance ‘are put to specific uses in advancing the 
training, process. The guidance of learning consists in 
observations and analysis of performance, development of 
inferences about learning, formulation of approaches to im- 
provement of performance and reduction of errors, and com- 
munication of these concepts: to the trainee. In most cases, 
the guidance functign requires more information than avail- 
‘able from observations of immediate performance. -Data are 
required concerning past performance in immediate and similar 
tasks and on relevant trainee characteristics to permit 
development of guidance ,concepts that are realistic for the ~ ; 
* - specific trainee. For this reason, the guidance function has 
been traditionally assigned to expert instructors because of 
their ability to derive effective approaches from subjective 
" * analyses, of trainee characteristics and past and current per- 
; formance. Recent analyses (16) of complex operator tasks and 
@ of uniqye capabilities of training system computers has led 
; to the development of computer programs. capable of providing 
| 


g . ; 
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effective guidance through analysis of*relevant characteris- 
tics of the trainee and his performance. A basic: requirement ° 
in- supporting the allocation of guidance functions to computer 
programming is the development of capabilities for experimen- 
tally defining essential relationships among specific training. 
tasks and trainee characteristics as reflected in basic capa- — 
bility scores and in task-relevart' performance. Data are also’ 
required to reflect the relative effectiveness of possible 
approaches to organizing capability and performance, data, and ) 


‘ 


the effectiveriess Of providing ‘guidance fot the fpecific ~~ 4 
tasks and trainee populations involved. = ? 
4. , Evaluation and Quality Control - Each training 


System must provide data and means of interpretation which * 
permit evaluation of the learning process, not only for im- ~ 
mediate guidance but to determine the qualifications of the 
trainee for advancing to the next training phase,.-and for 
eventually performing operational tasks toward which training. 
is directed. Evaluation requires the determination of the 
‘specific criteria of successful perfornance’in the operation-_ 
al system, which canbe rekated to performance in’ training. 
It also requires development of a system of data analysis . 
that permits valid inferences to be made about the quality ‘ 
of trainee knowledge and performance as it relates to the 
training dpproach employed. Performance criteria themselves . 
are derived during training situation analysis, but they must 
continue to be defined as training system development pro- 
- gresses to account for the necessarily indefinite nature of 
early task and skiki information and for changes in basic 
knowledge and skill requirements, Criteria must also be de-: + 
fined for each phase of training, frequently requiring some 6 
aad ence with the prototype training system and its associ- . 
éd devices. Experimental facilities for collecting data on 
Gene, performance -in specific subtasks will drastically 
reduce the time required to implement the prototype training 
system, and the expense and time required in quality control . 
_,to update prototype training system device and program.designs. 
“The efficiency with which valid allocations of evaluation 
functions can be. made depends on the ‘quality of the perform- 
ance criteria available from the training situation analysis, 
from experience with the prototype system .and from expéri-—" ‘' 
ments conducted prior to training system employment. In ae 
general, successful evaluation programs can be written for 
training system computers when well-defined knowledges and 
skills are being trained but, when'’training is provided in 
the development*of perceptions, judgments and team operations, 


. 
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@ , mich evaluation must be performed by instructional personnel 
who have insight into the operational tasks being trained and 
experience with the development of ‘tthe types of skills being 
trained. Evaluation schemes can be developed through experi- 
eftice but, again, experimentation prior. to system employment 

: -Can provide timely data: with minimum disruption of the train- 
ing process once it begins. It can also minimize expensive 

» and inconvenient modifications to programs, devices and soft- 
ware to account for evaluatiori requirements discovered only 
after initial system utilization. ; ; 


1.4:4.4 Computer-Management of Instruction. Training system 
computers can.be programmed to perform functions thatewould 
‘ otherwise be assigned to training ‘system personnel ( 9,30,31, 
- ‘32). They can also be programmed to perform training func- 
tions that would otherwise be impossiblé, Many performance . 
mea surement;—recording, data analysis, organization and dis- 
play functions that tend to enhance training effectiveness 
can only be performed by a high-speed computer.: Many other 
2 - essential functions ordinarily performed by the’ instfuctor, 
Or a device operator can also be handled by the computer -- 
| not only to reduce workload demands on instructional per- 
Nee girartia important, to reduce demands on the quali- 
@ ficattoris of the instructor and to Systematize functions that , 
might, otherwise be subjective and erratic. ‘Another computer 
function in implementation of training is in organization and ‘ 
display of data required by the instructor to manage training 
operations, Computer programs can anticipate instructor re- 
quirements and ‘provide training information in the nost useful 
form and when needed, . # : 


while per formance measurement, data analysis and | 
display, are essential training computer functions, the é 
essence of computer assistance in instruction is in the 
establishment of a computer/trainee interface, whéreby the 
, computer program can respond meaningfully to immediate, vari- : 
able trainee requirements for information, instruction, evalu ; 
ation and guidance. Computer assistance can be provided in “' 
at least four differentyways: 1) it can control the brief- 
ing of ‘the student prior to a practice mission or in indivi- 
dual and classroom instruction; 2) it can demonstrate tasks 
to be practiced by the trainee, and effects on these tasks 
on relevant environmental or System variables; 3) it can 
“monitor and critique performance by responding to trends-—4and : 
deviations from criteria with prerecorded comments; and . 4) 
@ . it can control the rate and mode of presentation and the com- - 
_ plexity of individual training problems according to the im- 
mediate needs.of the trainee? 7 ; 
@ ‘ 7 , 63 78 
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The’ exploitation of computer capabilities in inter- ‘ 
acting with the trainee and his instructional requirements 
depends heavily on the ability to experimentally evaluate: 
interaction modes and formats prior to final definition of 
computer programs, and prior to allocation of ‘fynctions 

between the computer and instructional staff. 3 


a An initial problém, in incorporating computer programs 2% 
-in an instructional sequence is ih defining practical, mean- oo , 
ingful segments of overall skill, and in defining intermedi- 
ate performance criteria appropriate to each. Another is in 
evaluating alternate modes of presenting training information ' . 
in each segment according to the circumstances under which 
training takes place. Given similar circumstances, it may 
be necessary for the instructor to perform. funetions in one : 
simulator: that might be performed by the computer in another. a 
Variations in‘the requirements of specific training situ- ~ _ “ 
ations also make it necessary to define the kind, amount and. ‘ 

Tie of feedback, critique and guidance to bé employed in : 

‘@ given training. setting, . .» 2 


ony = . 
‘ 


1.4.4.5 Adaptive Training. It has been traditiénal in "1. @ 
military training to provide group training wherever possible 
and to minimize requirements for equipment, time and skilled. 
‘instructional personnel, Formal individualized instruction * 
has been given where necessary with informal, individual = ” 

. attention being given where possible, based on capabilities : 
of individual /instructors and training settings. From the 

point of view of the individual student, jndividualized in- 
struction is frequently more efficient thar’ group-instruction, : 
because it tends to account for thé effects. of‘differential’’ ; ° 
capabilities, learning rates and learning mddes; and requites 
less effort on the part of the student and in general less 
training time for the individual student. Unfortunately, 
individualized instruction has always required heavy involve- 
ment’ of skilled instructors at significant’ cost: Recent ad- 
vances in computer-assisted-instruction promise to make. pos- . ‘- ; 
sible training system responsiveness to individual requireé- , - 
ments and modes, reduce training time and increase efficiency ,' ‘ 3 
(32,33,34,35). ; 2 see , ° 


* 


’ The adaptation of a training situation to the speci~ - . i 
fic requirements and capabilities of individual trainees and + 
to groupe oF trainees requires that inferences concerning ’ @ 
— J . ) 


: | 29 a. 


» 


7 quires experimentation to permit available’ principlés to be 


. directly relevant ‘to the dynamics of task performance and 


,performance measures can’be used to select learning. approaches ° 


misrepresenting the essential characteri¢tics of the ,overall ae 


. Bs + 8 e. * ’ 2 cad 


training approaches be drawn from available, relevant ,infor>’..-: « 
mation about the individual or group. “Recent research in ? 
‘adaptive training indicates fhat trainee qualification?’ and ‘ 
and training techniques to’optimize rates (36). - To be effec- “£ 
tive, adaptive training techniques must bé capable of, select- 

ing among alternate training approaches arid levéls of task > ° ; 
complexity, according to the specific capabilities of the . - 
trainee’ at a given point ‘in the training process, Adaptation . 
of the system to the trainee can involve the selection of: an : 
approach from among a catalog -of alternates, or it can mean 
continuous manipulation of the content, of training tasks. fc Meigs 
As a result, development “of. adaptive training.progeams for . 
specific training devices and sityationg require experimen- 
tal. acquisition of data relevant to that device for situation, o° 
Data are needed in two basic areas: 1) in defining re‘latian- ‘ 
ships among:spécific qualificatiom profiles,’ early learning’ | 
performance-and later, performance in the training situation © ee” 3 
in question; ‘ahd ° 2) in asséssing the feasibility of various | “: 
potential meghods of manipulating’ the conplexity of the train- 

ing situation to adapt to individéal trainee abilities, Ay 


"2. 0, 2. NAVTRADEVCEN 69-¢-0207-1. = 6. eg = 


a The general principles underlying adaptive training 
techniques are -not currently well enough established to_ - an 
generalize frém: one situation to another; the specificity of. 
skills and of.individual approaches to, their development, re- 


adapted to specific training contexts and to permit better ? 
and more broadly applicable principles to be defined. Of, ae 

particular difficulty “ie the definition. of methods of. thanip- 

ulating task variables in maintaining optimum-performance’ > - ey 
levels and learning rates, This has been-done in some - ; a 
adaptive programs through manipulation of task difficulty, ; | 
but difficulty is an artifact accompanying variations in ~~ | 
methods of presenting learning material, and ig not usually . : 


learning. The basis of. the adaptive training concept*is -the. 
presentation of learning tasks that, are not yet.in the fh 
repertoire of the trainee, but that can be readily grasped . ; 
by, a trainee of ‘given ability at a given time. Learning | °° - | 
tasks must be segmented in meaningful fashion with respect, ~_ 

to the learning procésses they sinvolve. without altering or —.-. 


task; and without requiring the eratgee ee Learn.a series of .. 
discrete, unrelated subtasks, Bae = _ 


. ro * 
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; speci¥ic ore can be segmented and adjusted in a 
number of ways .to match the learning capacity of the trainee 
at a given time. System dynamics may be varied:, the trainee | 


|; May be required to perform additional tasks, ‘time constraints 


can bé. changed ,. augmentéd feedback information’ to the trainee 


-~ can, be degraded or delayed, or the criteria employed in ° 


inibiafing guidance and coaching programe can be varied with 
z rning progress, Once task segments have’ been: defined,- - 
“programs must be prepared and validated’on subjects with 
” significantly different capabilities to facilitate automatic 
, performance measurement and the initiation and adminstration 
. Of guidarice, coaching and oe schemes in promoting ef- 
ficient and Sere CetNe AS SENINE 
Tasks can be- segmented inva variety fT: ways, in 
the- designation of part-tasks for training. Naylor (37), “in. 
oe: “review of the ‘literature -on part*task training has ‘shown 
that the ‘relative efficacy of part- and whole-task learning 
‘appears to. depend dn thé intelligence’ and the previous ex-- 
_, pertence’ of the learner,:' ‘Poulton (38), in Bilodeau's "Acqui- 
sition of Skill" points out that the value of task simplifi- 
. eation, . as an approach to task- fractionation, seems to depend 
‘largely on the naturé of the ‘task at hand, An experimental 
- capability in the ETSS for evaluating various approaches to 
task fractionation. is essential in ‘view of the sensitivity 
of the approach to task characteristics. This ‘will permit’ 
the definition of ‘gubtagks: for adaptive training for a wide. 
variety of tasks which- have never been analyzed from this” ° 
' point..of view. . Current experiments in the application of 


+? 


., (adaptive training to’ jet aircraft and - helicopter pilot tasks 


will have to be a a ica eventually to a wide range’ of 
operator tasks. a . 


eof 
* 


; Eipariawtes are alee: “required in deriving Pinetien 
‘al relationships among learner characteristics and specific. 
approaches to task.segmentation, and among learner character- 
hgtics and methods of providing’ performance. feedback to the 
learner, Specific types of’ enpey tnente in’ the area of adap- 
‘tive training include: ; 
_* “1) REfects on transfer of eeataine of specific 

approaches to 7he feeinieton of .part+tasks. J 


2) Tack: ‘aimpli fication and transfer. 


. 
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3) Individual differences in eeaneier from part- 
task segments to the wuete task. 


ing progress, , 


5) Effects on. learning of variations in criteria 
for the initiation of coaching and guidance programs, 


« 6) Effects of varying coaching methods; effects 
of ‘individual differences on the utility of specific coaching 
methods. : 

' : ' 

a ~ 
1.4.5 Instructor Station Design, ‘The training instructor 
and the personnel who-administer, control, é¢valuate and gyide 
the learning process are critical in assuring efficient, 
effective and economical training. Even in the most fully 
automated training context, the effect of training personnel 
is profound, if only in establishing trainee. attitudes toward 
the operational task, the training system arid the devices 
and programs employed. where instructor participation is _ 
intimate, the effect is even greater; it requires as effec- 
tive an interface between the instructor and the trainee as° 
_ possible, The selection, design and Se of displays 
-and controls at the device. instructor's station is thus 


* crittcal and, since these functions are highly specific to 


-devices and systems, they will require experimentation in 
the identification, processing, arrangement and display 6f - 
trainee performance information. Experimentation will also 
be required in the derivation of effective methods for the 
instructor to tale mmantneeye inport to training. 


It will d1'so be necessary to evaluate specific dig- 
plays and controls for monitoring, programming, recording, 
playhack and communications. Recent advances, particularly 
in- ‘display and programming technology, have provided new and 
improved methods of implementing insttuctional responsibili- 
.ties. Cathode-ray-tube displays appear to. facilitate‘ the 


integration and display of ddta in more useful form than has 


previously beén possible, and keyboards, light pens~ ‘and other 


input devices appear to offer inereased facility in inserting, 


monitoring and modifying programs. “Each has its own timi- 
tations, jhowever, as well as its -own ‘unique ‘capabilities. 


Ce 
ri 


4) Effects of augmented, delayed edsaek on learn- | 
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Special problems of réadability and manipulability accompany- ' @ 
cing, each design as ‘it relates to each utilization mode and. , 
situation anticipated for it must be resolved in making 

optimum use of -advanced, novel téchniques. Ags a resylt, “ 

capabilities must be available for evaluating effects of 

alternate hardware approaches~on instructional functions, 


a _ is ti F 
- 1.5, FUNCTIONAL REQUIREMENTS FOR THE EXPERIMENTAL TRAINING- 

* SIMULATION SYSTEM. The ‘support of experimentation in the 
five device design areas discussed in paragraph 1.4, the 
Trainee Station, the Fidelity of System Dynamics, External, 
Environmental Fidelity, Instructional Management and Instruc- 
tor Station Design requires an’ extensive laboratory capa- ; 
bility, Further; this capability must exhibit a high degree 
of flexibility to. suppont experiments related to the range 
of operational systems an?”training device concepts within 
the responsibility of the Human Factors Laboratory, ° 


_The Experimental Training-Simulation System must be 
}.-ablé to perform,three separate but related functions. First, 
it must pro entation of the system control 
and display hardware f®rming t pees ea and the 
instrucgor/device interfaces in a variety of systems and . 
training devices, Second, it must represent those systems 
and devicés in various degrees of elity, through the 
activation of interface ¢quipment and through the represen- 
_ tation of essential elements of the system environment, , 
» Finally, gfhe -ETSS must provide a capability for the design,, 
control, tfonitoring and evaluation of a large number of 
experiments in the value of various approaches to training 
‘device design and utilization. Phase II of the study’ was ; 
designed*'to reconcile these relatively extensive functional e 
requirements with an economical, flexible Cpggnieation of ‘ 
_’ + state-of-the-art equipment and techniques. “e 


_ ‘Initial attempts at organizing hardware approaches to 
the ETSS experiment requirements suggested’ fhe need for a‘ 
"simulator of simulators." .The implications of simulating 
each of thé variety of systems identified in Phase I-were 
derived from a cursory analysis of essential system arac~ 
teristics. It was found that, for purposes of training ex- 
perimentation,. a great deal of commonality exists among the . 
various systems.and operator tasks.considefed. For al a 
example, a tank driver ; lates similag’ controls ‘to’ , > Fe * 


? 
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@ . . es. . ae , sa te 
Siese used by an air. cushion .vehicle operator, he interprets 

; . displays which are similar to.some 6f those encountered in 8 

. aircraft cockpits, and even the aircraft pilot and the sub-,. 

\ marine diving officer deal‘with similar’ problems. using Ss : 
similag equipment, The learning problems associated with a 
wide variety of ‘systens also reveal many, common elements am 


experimental analysis. Both’a radar operator and a ‘rifleman, 

for example, must be trained to, recognize ‘complex visual : 
patterns; even though each~is generated in a‘different manner 

in the real world, each. requires training in.complex percep- oe 
tual organizations. Further, even these diverse skills. ‘ 
_involve Baye learning -of facts, procedures and motor skills. 
whi 11 ahi ata to similar training approaches. 


As a xesult of the suseeye commonality of learning , - - 
problems among the military systeins studies, ETSS equipment oe 
requirements | were derived in response to learning problems, 
rather than in response to, specifie military system charac- 

.teristics. These learning prohlems imply hardware and soft- 
ware requirements in five equipment "types", which were,con- - 
sidered in Phase II of the. study ; these are discussed below. - 


® , }) Trainee Station Design, ‘This requirement relates’ 
- to four separate learning’variables. ach in turn, imply. 


‘ ‘specific’types of equipment, a 


% AJ 
"4 
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. a) Kndwledges.” The *common methods used\-for the 
é development of knowledge are the use of printed matter and 
audio-visual equipment. This study: concéntrated on tech-. 
niques for. the design and use of the latter apProach, due’ in 
part.to the utility of audio-visual equipment in other areas, 
e * of experimentation, The vast amount of learning, at this' 
level, in relation to.almost all military, systems nécessi~* 
_', tates a high level of attention, The capabilities within, 
this area have been organjzed aredfid the concept ‘of “Training a 
Aids Research. © : ts 


NL 


: RS , me ; ‘a2 
b) Perceptual Skills. ‘This: grea of experimental 
capability concerns the development o kill in organizing " . 
: mplex patterns af information through the use of inetru- te sf 
‘ aN or visual displays. ‘Aémajor portion of thé training 
, in thi ais associated with, ‘radar’ and sonar type displays. 
‘ ; Accordtapey a major portion of. ‘the equipment was de ene tee 
with these capabilities in mind, ae area,. called ‘che ‘ ~ 
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4 . 7 : © 
ee Interpretation area, alsa. encompasses experimentation : 
( in the development of procedural’ skills, since each type of 
‘indicator and its operation “necessitates some kind of more 
or less complex ‘action on the part of the trainee, 


c) Psychomotor Skills, Eyperiments in this cate- 
gory require. an operating systems simulator.’: Equipment in 
this area must be able to provide both the stimulus patterns 
and output capabilities associated With psychomotor experi- 
mentation, All cues will be provided to the extent feasible, . 
to assure that the effects on psychomotor skills of such ( 
things as vehicle dynamics, the.environment: and the available 
instrumentation can then be evaluated hased on an operational 
situation instead of in terms of individual independent vari- . 
ablesy# | : ‘ 

d) Judgmental Skills, Experimentation in this 

, . area requires relatively extensive information displays; and 
capabilities for trainee responses reflecting thé decision ,? 
process, An example of this type of equipment is that found ., . 

~ tr-either a combat information-center or am ASW aircraft’ ~-7~ ~~~ s 
In the former, display boards and communications equipment © 
‘are required. the latter, sonar, MAD and..similar dis- 
plays and associated equipment are necessary. This area, 
Tactical Decisionmaking, will be capable of formulating 
experiments in situations of these tlypes. © 


. 


4 


2) Dynamic Fidelity, The software associated with the . 
_ computational system will be fleyible.and easily alterable ~ 
to permit experiments on the effects of varying the fidelity 
oft the simulated system: In addition, the equipment which . 
informs the subject of essential task information, i.e., 
instrumentation, will be capable of representing a -wide 
range of dynamic fidelity. , 


em, 
3) Environmental Fidelity. Equipment flexibility must oe 
“be provided with respect to perception of the environment. 
A major function of the ETSS.is in representing the motion, _ 
~ y visual and ayral cues available in the environment of a . 
variety of military, systems. 6 : 


4) Instructional Management, The silat ee in this ef 
area will permit experimentation in the control of simulation 
.and other training situations. - This control will be _ @ 


o 2 


°? 


NAVTRADEVCEN 69-C-0207-1 


implemented by software capable of problem setup, perform- 
ance measurement and feedback control, 


5) Instructor Station Design. The equipment designed 
for this area includes multi-purpose control and display 
devices, The questions to be answered-in this area relate 
to the type of information needed as well as the most effec- 
tive method of presenting that information, in the control, 
monitoring, guidance and evaluation of trainee performance. 


we 
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2. PHASE II 2 ems 7 
The Phase II analysis placed ae emphante« on examining 

available equipment for hardware capable of meeting the re- 
quirements for, human factors experimentation defined in Phase 

I, In the absence of available equipment capable of supporte= 

ing specific experiment requirements, design studies were 
performed to develop specifications for hardware possessing 

ene ae guste capabilities; ; es 


~ 
. 


“The results are presented within each of the seven: —— : 
principal areas of phyestieecton and analysis: 


a, ETSS Research & peeeloomnt Areas - The Experimen- 
tal Training Simulation System will permit experimentation’ 
in four.general areas of training device design, i.e., 
training aids design,.sensor interpretation, tactical 
piacere rai and the similation of complex integrated 

\ systems (par. 2.1).. ‘ 


= 


b. " Equipment Requirements - Operational areas were 


analyzed to determine the simulation hardware requirements — ~** 
best suited to the solution of human factors design prob iems 
(par. 2. 2). > nie ° @ 


«°° 


Cc. Monitoring and Control hequiveuente - Performance 
monitoring and control requirements for the ETSS were estab- 
lished to facilitate experiment setup, control, monitoring : 
and evaluation, function (par. Zea) ; 


° d. Custom Hardwaré = Preliminary ‘désign studies were 
performed to identify equipment that could perform multiple 
functions and to define requirements for special purpose 
equipment. (par. 2s i : 

; “e, Data sik - The flow of data through the system was 
- .. ~~ optimized with respect to the_variety of experiments to be 
-performed»and the anticipated .mode’s_of system utilization 


ae 2.5). ; : 


wow. 


hae *. f. Analysis of the Experimenter' 'g Station - A human 
factors analysis of the configuration selected was performed 
and a _rationale is, drenenred (pak. 2.6)". 


fs 
4 : g. ETSS Data. Support Requirements - Provisions were - 
. made for ready acgess to past and continuing research data, © 
: » “ag support of «EHS experimerte (par. 2.7). , £ a 


a -_ NAVTRADEVCEN 69-C-0207-1 
Table 1 (Page 74) summarizes the knowledges and skills 
.@ required by operators of military Systems and the types of 


devices typically used for training. The devices listed in 
ae the table were evaluated for each task category as a point 
of departure in identifying training devices with the broad- 
. est, most effective application to training of the respective 
. &kills. The functional requirements derived in the Phase I ‘ 
study further defined hardware concepts for support of train- 
ing device studies and are réiterated herein as ETSS experi- 


mental areas: - ‘ 


a. The trainee station - Capability to quickly recon- 
figure trainee panels to' various fidelity levels (from paste- 
ups to working instruments). 


¥ x 
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b. Fidelity of the-system dynamics - Capabi‘lity to 
alter the fidelity of computed variables within the simula- 
tion model, _ 


4 


c. External environmental fidelity - “Capability to 
vary the fidelity of all stimuli encountered by the trainee. 
_ d, Instructional management + Capability to vary the ~~ 
@ ‘method of controlling the training situation (from the siin- 


plest to the most complex’ training, device). 
, ° , , 3 
e. Instructor station design - Capability to pary the 
configuration of simulated instructor station components, 
features and arrangements, including use of multipu 90se dis- 
play and control devices, ° 
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2.1° RESEARCH & DEVELOPMENT AREAS. Four ‘specific sreas of 
research and development were found to be required “for an 
Experimental Training Simulation System which could satisfy 
the requirements identified in Phase I. These areas relate 
‘to the tasks‘and device concepts identified in Table l. As 
shown in Table 1, five military task categories were identi- 
fied. Examination of each task category and each task ele- 

" ment, (knowledge and skills) from the point of view of typical 
hardware used in training, resulted in the translation of the 
five psychological categories to four ETSS ‘esearch and de- - 
velopment areas: training aids, sensors, t. ctical decision- 
making and system research. These fout\are 8 ‘evolved as a 


ue 


* result of: : 
. a. The types. of controls and displays pertinent to the. 
@ * «+ operational areas. , ; > : . 
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1.0 KROWLEDGES: ° 
‘1.1 System Mission Functions 
1.2 Nature and Effects of the 
Mission Environment . 
1.3 System Design Character- 
istics 
1.4 System Functional Charac- 
teristics & 
‘ 1.5 Kormal Operating Procedures 
1.6 Altertate and Emergency ‘ 
Operating Procedures 
1.7 , Standing Operating Procedures 
1.8° Comsunications Procedures 
2.0 PERCEPTUAL SKILLS 2.0 


2.1 Bistnonis of System Status a. 
3: Interpretation 

of system visual, aural and 
tactLle displays in dtagnos- 
ing the capacity of the 
System and its elements to b. 
perfors specific systes 
mission functions. 
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Acauisition of data and 
the development of concepts 
concerning the system, its 


~ pission and its operating 


environment through exposure 
to factual information and 
to representation of the 
systen, missfon and eaviron- 
ment. 5 


« 


aoe 
PERCEPTUAL SKILLS 


Exposure to printed. photo- 
grsphic and/or audio 

representations of signifi- 
csnt information patterns. 


tional. 
d environ- 


Exposure to ope 
system, sensot ,; 
mental data. ; 


Photo¥interpretat ign Train- 


, 4 ¥ 


TABLE I, TRAINING IMPLICATIONS OF OPERATOR TASKS 
[POTENTIAL TEACHING APPROACHES —] 


TYPICAL DEVICES 


s 


Transparencies * 

Animated transpsrenocies an) 
Records, films, filmstrips 
Models, cutaways 

Maps, charts, photos 

Texts, manuals , \ 
Programmed texts 

Teaching machines 

Classroom responder systexs 
Mockups, Pamtliarizstion 
trainers. 


_) ‘ 


Cockpit. Procedures Trainers ‘ 
Instrument Trsiners ‘ - 
Celestial Navigstion Train- 

ers i 
Submarine Diving Trsiners 4 
Submarine Control Trainers 
Sonat, Radar Trainers ’ 


se aias Neen pees is on —-- =. ers. » 
ae Fagenslal-Task fl emenss: c. Programmed or unprogrsmmed Tactical,.Maneuvering and 
1) Knowledge of the system guidance in identification Attack Trainers. . : © 
e trission and environment. of significant information Amphibious Operations Train- 
patterns, Fy er 
*(2) Knowledge of the corre- 7 Target Simulators 2 
lation of system status.) d. Programmed or unprogrsmed Records, Films, Terrain 
indicators with system guidance in snalysis of Models 
mission capabilities. the effects of systém snd . ‘ 
environmental parazeters < + 
(3) Perception-of the status on information content of ~ 
implicationa of various indicators of system snd 
-patteras of information. | - environmental ststus. us 
(4) Identification of course} .e. Simulation of the interac: 
of action consfstent | & tione Of system elsments 
with system mission re- ‘under typicsl circumstances * *: 
quirements and systen of element condition, capa- 
: etstus. , _ bility and status; environ- : _ 
¢ mental conditions, mission 4 o«# : 
requirements snd systen 
‘ : operator inputs, » , 
2.2 Sensor Interpretation: : ry 
Interpretation snd organization of information provided by the special sensor systems: in 
the detection of targets, obstacles and tactical conditions, snd in the seléction of funce 
tional courses of action. Sensor systems would include: “1) Airborne, ground, trsffic 
control, portable, side looking and doppler radar; 2) Sonar visual snd aursl displays; 
3) Magnetic anomaly displays; 4) Infrared imagery and.photography; 5) Black and white and 
color still and motion picture photogrsphy, 6) Teletype, aural snd visusl communications snd 
fntelligence data; 7) Low light level television; 8} Image intensifier displsys; 9) Electronic 
countermeasures displays; 10) Closed-circuit television; 11) Opticsl ‘aids to vision, 12) Un- 
\ aided observation, eal to-ground, kround-to-air, snd air-to-ground. 
Essentig] tssk Eleme its: 1) Procedures required in oe adjuscaent; 2) Knowledge of sensor 
. characteristics and capabflities; 3) Khowledge of correlation of target ‘and environmental para- 
eeters with sensor display characteristics; 4) Perception of signals in noise; 5) Perceptton ‘* 
of target and environments] effects.on display characteristics. @ 
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TABLE 1. TRAINING IMPLICATIONS OF OPERATOR TASKS 


TASK. CATEGORY POTERTIAL TEACHING APPROACHES TYPICAL DEVICES 
2.3 A L ugtton: Utilization of data 


audftory and tactile contact with the systeme 


functions, : s 
. ‘ k Elements: 
-(l) v sks: (a) Unaided and 


¥ of targets, ground-to-ground, 
interpretation of visual cues 
trol of system elements 


motions of elements and the physical and tactical environment. 


(2) 


motion, in aystem control, ‘ 


; (3) Auditory Tasks: (a) Perception of s 


of system sounds; (bJ Urilization of 


system control, 


"3.0 PROCEDURAL SKILLS, 3.0 
Selection and execution of a. 
sequences of discrete control. 
ections, at the proper time 
and ‘ir the correct order. 

. . b. 
entis sk Elements: 
41) Knowledge of the proced- c. 


ure required by the 
taission, 


Knowledge of system capa>. 
~ biltttes within the nis- 
afon context. 


a 
. 


Selection of appropriate 
normal, alternate or’ 
emergency procedures, e 


Execution of procedure in 
Proper saquence and time. 
Observation of the effects 
of tha procedure on the 
, ayster and/or mission. 


Modification of the proced 
ure a8 required to achieve 
the required mission,ef- 

o fect, : 


, 4,0 PERCEPTUAL-MOTOR SKILLS “Ta, 


Continuous) modification of s. 
ofe or core system control 

outputs, as a function of the 
perception of diacrépancies cy 


°o 


Yetween actual an tred b. 
systen perfornaate, - . 
¢ 
Eesantial Task Elements: 
1) Knowledge of -ayatem per- 
formance capabilities. 
(2) Knowledge of syaten c. 
status. a 
; (3) Knowledge of system func- 
, tional requirements. ‘ 
(4) Perception of diacrep- 
cles batween sctusl ’ 
‘ and required syaten = 
outputs, . 


, 7 . . 
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ve Taske(s) Perception and 
system equipment stetus and cdndition; 


at 
(CONT'D) . 
. 
obtained through direct visual, kinesthetic; : 
avironment, in the control of system mission 


; > ' 
- 


optically atded detection, identification and acautsition : 
Sround-to-atr and air-to-ground; (b) Vehicle control through 
to position, attitude, path, velotity and heading; (¢} Con- 


interpretation of visual .cues to relative portions and 


interpretation of motion and vibrational cues to 
(b) Perception and utilization of cues ta syster 


PROCEDURAL SKILLS 
Mockups, photographs snd 
non-activated familtari- 
zation trainers, i 
Simulated snd Operational 
comounftestion systems. 
Tactieal with simulated 
operator stations {in which 
> Sppropriate feedbsck fron 
student response {8 pro- 
wwided_- |. = 


Pre-programnéd prsctice 
with simulsted operator's 
station, suitably sctivated 


Pre-progrsrfabd practice 
with simulsted operator's 
station, suftsbly sctivated 
With augmented feedbsck 
and/or guidance programs, 


Pre-progrsmmed practice in 
opefstional systems, with 
Sugménted feedback and 


gutdance programs. 


‘s 
. 


PERCEPTUAL-MOTOR SKILLS 
SERCEPTUAL*MOTOR SKILLS 
- a 


_ Prectfee in cantrol of tn- 
dividual systen parameters, 
using psrt-task trainers, - 


Pre-programmed practice {n 
control of individual sys- 
X@m, parameters using part- 
task trainers having aug- 
» Beiited operator feedback - 
and guidance programs. 


Pre-programmed practice {n 
the control of combinations 
of system parameters, using 
Rart-task and/or operator 
position trainers having 
Augmented feedback prégrams 
and automatic measurement, 
evaluatfon and guidance 
programs, 


ystem and syster equipment condition through analysis 
System and environmental sounds tn system and sub- 


a 


» 
° 
° 
. ’ 
> 


3.0 


Periscope Trsiners 

_ Operational Flight Trainers 
‘Operating Hookups ° 
Turret Trainers 7 
Communications Trainers 
Tesching Machines . 


s 


® ’ 


Operator Position Stmulstor . 
7 


_Part-Task Trainers 
* Procedures Trsiners 
Operator Position Simula- e Ny 
‘ ors; Driver Trainers ° 
* Weapon System Simulators; 
Gunnary -Tratnaré 
Mission Simulators 
Instrument Trainers, | 
Navigation Traineys 
Radar, Sonar, MAD, ECM * 
trainers 


Ca 


r 


> 
Cockp {t-Procedures Trstner 
| 
| 
| 
| 
, 


iy eS a: 


TASK CATEGORY 


: (S) Control of syatem outputs 
‘ to null diacrepancies be- 
. tween actual and desired 
2 output, 


Continuous tracking of 
= . a: aystem environmental 
parameters.” : 


Simultaneous tracking of 
multiple syates environ- 
* mental parameters, 


5.0 JUDGHENTAL SKILLS 


Selection from among alternate 
courses of action in the ful- 
fillment of a misaion function- 
al requirement, thru “analysis 
wc of the mission, the environ- 

. ment, the system and the prob- 
ability of success ef @ach 
alternative. 


Essential Task “Zlenents: 


(1) ‘Knowtedge- of systen.~- 
mission. 


(2) Knowledge of system Punc- 
tional requirements. 


(3) Knowledge of system 
mission environment. " 
. (4) Knowledge of system and 


. subsystem capabjlities and 
current status. 


Knowledge of the effects 
of the mission environ-~ 
ment of systen and subsys- 
tes capabilities. 


(&) Perception of interact fons 
among subsystens and sys 


2 ° tem elements. 


(7) Prediction of interaction 
oo modes of aystem elements 
during the system mission, 
within ‘each alternete 
course of action. 


. 


Estimation of probabili- 
ties of success of each 
° alternative course of 
. _ action, within the missio 
* funct Lon/environment/sys- 
tem status context. 


Observation of systen/ 

mission interactions, 

: diagnosis of aystem func- 
tional capabilities and 

. modification of syste 

outputs as required. 


(9) 


41 


: , NAVTRADEVCEN 69-C- 0207- 1 


d. Practice in coordinated 
control of system parame- 

- ters, among sore than one 
syatem control station. 

e@. Pre-progracmed practice in 


the coordinated control of 
° gystem parameters, among 
more than one system con- 
trol stacion, with aug- 
wented feedback, and with 
. automatic measurement, 
evaluation and guidance 
* progrems, employing simula- 
tors representing systen 
elementa having signifi- 
cance for the individual 
and group tasks being 


trained. 
5.0 JUDGMENTAL SKILLS 
a. Analysis of symbolic re- 


presentation of the system, 
- system and subsystes capac 
bilities and current status 
the mission functions re- 
quired of the system and of 
the mission environment in 
the dévelopment of appro- 
priate couraes of action. 


b. Selection and execution of 
rmvb ternate courses of action 
io a repreaentation of 

those aapects of the sys- 
tem hev significance for 
the judga@ntel skills 
being trained. 


Onethe- job training tn the 
system and system,.environ- 
ment. 


. | TABLE 1. TRAINING IMPLICATIONS OF OPERATOR: ‘TASKS «CONT 'D) 


\ 


) 


TYPICAL DEVICES - 


Mission Simulators 
Tactical Trainers 
ASW Tactical Trainers 
Tactical Gameboards 
Manauvering Tactics Trainers 
Comaand Post Trainers 

v 


ad 
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e * “ 
b.. The ‘requirement for conduct of R&D with esnece to 
the task categories listed in Table 1. (Page 74) 


_¢, Fulfillment of the experimental, requirements im- 
posed by the expeximental areas. Of particular importance 
within this group were the task categories, It was as- 
sumed that since these aré essential ‘basic skills transcend- 
ing all aspects of human learning that the ETSS must have.’ 
relevaht capability in these areas, It ‘is well understood 
that it is possible to achieve training in the- task catégory: 
"knowledge" in the context of a mission simulator. However, 
since part of the fraction of NIDC involves specifying de- 
vices which are used only for knowledge transfer, experiments 
of this nature performed in a high fidelity simulator, no 
matter how degraded the math models are, would be of little: 
value, Thus, a separate structure entitled "Training Aids" 
is specified for the ETSS. This same analogy applies to the 
other task categories. Therefore, the following relationship 
between task eabegor ies and research and development areas is. : 
established. . 


* t 
’ 


TASK CATEGORY - _ R&D_AREA 
Perceptual-motor _ Systems 
Perceptual Sensor 
Knowledge . Training Aids 


° 


Procedural 


Tactical Decision-Making . 


Judgmental ; : 


The equipment requirements for the ETSS were examined 
in relation to these four areas. However, since flexibility 
was the keynote im equipment selection, many devices are 
used in more than one R&D area. ~ ° 


- 


‘2.2.1 Training Aids Research & Development ; This aréa is 
concernéd with the experimental capability £n knowledge.trans- 


fer, and concerns ‘computer-aided instruction, audio-visual 
‘instructional devices, cutaways, models and the like. Almost 
all systems involving a human operator include training pro- 
grams incorporating training aids of some type for early ; 
.phases of instruct{on, Thus, the ETSS must have this capa- 
bility for paver imeptst ton ; 
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s 


f° 
2.1.2 Sensor Research & beveiicsaane: A large portion ma 
the, training for which the Naval Training Device Center is. 


responsible is associated with sensor interpretation. .Since: 
this is a significant and complex area, it waS determined * -’ 
that the ETSS sensor capability should be flexible to permit 
the simulation of various kinds and types of sensor indica- | 
tors’ and anput systems such as radar and sonar. ' % 


2.1.3 ‘Tactical Decision-Making Research & Development. Many 
of the tasks in larger systems -- naval ships, ASW aircraft 
and submarines -- require operators who monitor consoles, 
-communications and other displays, making tactical decisions 


’ based upon the data presented. This capability relates 


directly to the task category of judgmental skills, Thus, 
the ETSS must be capable of performing experiments in this 
area, particularly in light of the increasing relevance of 


“ this area to military systems and the increased complexity of 


systems, which pose aretEACent training problems, 


2.1.4 Systems Reneavch & Development. This capability area 
transcends all task categories in Table 1 (Page 74). Systems 
research is defined here as a complete representation for pur- 
poses of training, of an operational system such as the F4J 
Weapon System Trainer. The ETSS systems research, capability 
must include versatility in the system simulation area. "Te 
must include flexibility in simulation fidelity and instru-. 


. mentation at the various statiofis, vehicular representation 


including vehicular control and representation of other sys- 
tems. It must also permit simulation of many types of: vehic- 
ular and other total systems to the extent required for valid. 


experimentation. 


2.2 EQUIPMENT REQUIREMENTS. .The’specific areas of NTDC 
responsibility were analyzed to define requirements‘for ETSS 
equipment. These areas refer to the specific’ military equip- 
ment for which NTDC has training device responsibility, eC. 8 
tank trainers. Thus, the types of equipment considered and 

_ subsequently selected for the ETSS are derived from this re- 
“view and the psychological implication sl ua from Table ly 


2.2.1 Audio-Visual Equipment. Analysis of ET$S audio-visual 
equipment needs indicated the following ‘set of required 
‘capabilities: 
a. Presentation of audio information only, with or 
without subject PEBpOHSE s together with linear or adaptive 


sequencing. a 
k. 4 


93 78. 


- 


<) 
ERIC 


or without eubject response and Pincee or’ adaptive program- 


- electronic displays to present information in two distinet 


‘ with animation and associated text as required. Alphanumeric 
‘text displays are necessary to facilitate adaptive learning ° 


‘ ratés (based on time to rewrite an entire CRT ia Vary, from ¢ 
15 to’ more than 300 ,000 chatacters per second. 


Serine 


‘was fougd that many devices’ have multiple features, ‘yet none 


an’ eeeeeeve sequencing capability. 


‘second be-a “minimum, for example, the number of displayed © 


. are NAVTRADEVCEN 69-C-0207-4 fs. # 
~ “Bi Still or motion sieuuee a oe with ¢ or’with- °° 
out: subject peeponee and Eefeee or gia aad sequencing; ” 


Pa e wy 4 


Ce Still and <nbELOH picture visual,, " with audio, with , 


anes - ote, & 


Table’ 2 (Page 80) is a representative - list of equipment 
surveyed, and indicates the features that each provides. ° It . 


satisfies alf requirements. The unit meeting the greatest 
number of requirements is the Modec dévice. It is also the. 
most expensive item -- about $15,060 -- but does not . provide 


a 


2. 2.2 GonsuterAgatered Equipment, "This capability utilizes 


formats: 1) alphanumeric text, and 2) picterial concepts, 


experimentation. Three techniques for ‘alphanumeric text dis- 
play were investigated to fulfill the requirement. The first 
technique involved use of a standard television or-raster t 
Scan cathode-ray tube (CRT). The variety of possible updat- 
ing speed ranges and screen character capacity are suffi--: 
ciently flexible that.no specific requirement néed be made_ 
at this time. ALttough - ‘it is recommended that at least 2000 
characters and: an update rate ef at least 60K characters per 


characters rangés from 384 to 4080*, and the, {nput/output , 


~ ry 


é Soa 


The second technique investigated uses thé alphanumeric 
capability of Type 339° displays currently in the Human Factors 
Laboratory. The screen has a capacity of 3672 characters 
(~1600 flicker-free) ahd a writing spéed:of about 50 micro- 
seconds per character, twhich enables: the scr@en to pe com= 


pletely updated in about, 0.2. seconds. 4” 7 "le 
N , oes 2 
| acon 2 oe Re XS 
Cs : : an) ‘ aa ¥ / 
* "CRT Displays," Modern Data, September 1968. + 4. 
. — ™ . 8 
' _ 4 “= te * - 
' 4 . 
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; The third technique investigated ‘uses television pictures _ 
@ _of the associated text; each instructfonal program is put on 
‘ ° “video tape’ and each frame or page is addressable, “A page of 
information is presented to the subject along with the ques- a 
tion, the page being a replayed video image from the data 
stored on the video tape. The Ampex, Videofile* system can 
' fulfill this function, ee eo 


The second format for display of computer-associated 
infotmation involves pictorial concepts, often animated, with 
associated text in the form of questions, The previously 
‘ mentioned Type 339 CRT dispiay also sPEONETCE this format ~) 
capability. 


« 


Y 


There are several additional methods to achieve this 
capability;,e.g. RAND tablet, touch sensitive ‘displays, etc. 
‘These methods, however, are typically not,as flexible as the 
electronic’ CRT display... Resolution is also limited, There- 
fore, the CRT's were ‘considered the only acceptable methods: 
", of achieving. this puneeren, 


’ . ~ 
€ ' 
‘- 


2.2.3 " Panel Mockups,_ The Seaateeity of modern military . 
. eo ‘training instrumentation and equipment demands sophisticated 
- research and experimentation to obtain optimum.designs for 
®@ instructor control stations, Although affected by the com- 
plexity of various systems, the ETSS control station must be 
os designed to minimize differences in instructor actions, These 
actions may be influenced by instructortraining, size; number 
u-+ and complexity of instrumentation and by the cotor and. posi- - 
tion of console components. The account for these varying 
. parameters in the ETSS, a system to simulate many different 
(* panel, configurations was defined. cai “ 


. 
, 4 ‘ 


A preliminary investigation and an evaluation of repre- 
sentative operator and experimenter control Systems estab- 
lished the following requirements for a panel mQcKuP system: 


a. An inventory of ‘instrumentation Gepanie of repre- 
senting varigus pane? configurations. 


4 " b. Capability of the ‘system to Punetlonawith: a wavteey- ' 

of panel configurations. 
>) . = . 

- : ° Pes a 
ec.’ Modular design. ~- tse 


nana uanmnne 


| : a, ee 8S ee 
} ae rd ni 4 ‘ f 
® * Registered Trademark of the Ampex Gorporation '- _ +. ‘ 
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% ve d. Input monitoring capability. < 


Cie : eS Logic cireuitry capable of accommodating a 
; variety of panel instrumentatio 


= 


i '.. Ease se of-tiiplementation into a functional system. 
, ? oo. wea ‘ . 
‘ . * f " ot s 
oes J aad g. Flexible ° } ; . _ ~' 
ry ~ & i on . 2 L 
Re. " Bxpandab 1's? oe 
aoe’ ‘* i. Compatible-electronic interconnections. 


To implement the use of working mockups. ‘of various 
. panels for experimentation with variations in data, patterns, 
’ ; fidelity, color codes, etc., the following associated equip- 
thent, and facilities were determined to be. necessary. (Figure 2, 
Page 83). ; 


. 14. Subject (trainee) Station . 
_b. ‘“Experimenter's Station -4 
. # : ©. Computer and, software 
Sp » d. Model /Fabrication, Facility.’ - , wig Ss 


7 + 
. 


. « In order to determine the required number and types 
; ‘+ ‘oF computer interface channels =- analog to eee ete 
os ‘digital td analog (D/A), fot ‘examp‘le -- an Sis of the 
, F4E and FL11D cockpits and instructor -eonsoles was performed. 
. The analysis also permitted . classification of controls and 
‘displays as eithet standard | or nonstandard: standard de- 
ur _ vices include” ‘toggle switches, pushbutton switches, digital 
_.'# readouts and other devices that perform a straightforward 
*, ' ,’ simple function; nonstandard devices are specialized, 
usually multi- ~function,. ‘control and displays.: An aircraft 
_ artificial horizon indieator is an example of the latter... , 
“Table 3 (Page 84) is‘ a summary of maximum instrumentation and 
ts computer interface types. present in the F4E and F111D simuga- 
“« tor stations, The quantities appearingin Table 3 were de- 
4 _ rived” by tabulating the quantity of each type device in the. , 
; + “panel of each stimulator, The maximum number found was then __- 
y established as the ETSS Panel Mockup requirement. ee 
aes oe 


. te te oh detailed discussion Of Panel penne design re- ye, 
Wave qutvements is presented in Appendix Les. ; *, 
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2.2.4 Vehicle Simulation. Equipment. It,was established in’ 
Phase I that the ETSS must allow experimentation in training 
@. , device design features related to training environment ‘and 
fidelity of device dynamics, During a typical training ses- 
sion, in an operational vehicle, the ‘environment around the 
subject may be extremely complex. Typically, the training ‘. 
environment may be comprised of kinesthetic, visual, aural, 
: touch and feel, olfactory and ambient etnospheric stimuli.- 
~  ' *' " Modern simulators, by including these stimuli create a train- 
ing environment that contributes to transfer, by:providing . 
‘ i * the stimuli by-which complex responses are learned. Require- 
- ments for the simulation of visual, proprioceptive, and aural 
; cues have resulted in a simplator technology capable’ of meet-’ 
. ing a wide variety of environmental simulation needs. A con- 
cise resume of .some of these capabilities 4s; contained in the 
. AIAA Vigual and Motion Sitwlation Technology Conference; 1970. 


. 
t 


©. i Providing the ETSS with the capability of simulating 

é ~ aural, kinesthetic and visual cues extends the scope of 

= , training research to all fields of training device design 

me within the cognizance of the Naval Training Device .Center, 

€ These training device requirements include airborne, land, 

Be * and marine vehicles and various devices'\'’such, as weapon firing 

ce. trainers, emergency escape trainers and“ other specialized ~ 
i training devices,’ The simulation requirements relate to the 

= characteristics of these systems.and are discusséd in the 

eg, _- .°* following. paragraphs. A commentary on, the simulation tech- | 
S ~. niques employed for Fhe three primary sensory cues is also 
eg ’ ‘included’ ‘ 

ze , 2 2eteGs 1’ Motion - Thé requirement for a motion base within a 

Sat training complex arises from the extensive information trans" 


fer sir in the. man-device system by way of.man's ability 

to respond to various types of motion. There are various .- 

“2a * ’, schools of thought about the type’ of motion, the :portion of 

‘ao Pa a motion maneuver and the magnitude of mot ion cue that ¢on- 
tribyte most toward information‘*transfer between subject and -° 

- simu ated system, The relative importance. of motion within ; 
the -man-deyice system. varies with task ssa ‘and ‘is inter- 


related wi h other. BEnEOEY perceptié bly visual fhputs .. 
F “ Lot « 7 t .t 
i Ap endix I ldt&cusses the: concept of motion sie lat ons, @ 
ron i the philo oplty | of ‘motion cue presentation and the relative 
er synergistic versus cascaded. motion’ ean a 
. is : . . : ‘ oe ee 
. ae . z * “ 7 . 
: : * Se 
i . -85 oa ¢) 7? ‘ . 
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rs % we . 
_ An ideal motion system would: ‘reproduce the vehicle 
sr ancytias Na velocities and exctirgions in all dégrees : 
of freedom associated with the opergtional vehicle, However, @ 
due -to ie and spatial constraifts, these ° dynamic — 
characteristics have to be restricted ‘to reasonable values, : 
' This causes a dilemma, as a result of #the psychological per-— 
ception of proprioceptive cues; little% Fevidence exists as to 
the nature of the ideal parameters ‘for 3a motion. system for 
* the simulation of a given vehicle. “THe: recommendations of 
the ETSS will be determined by an analysis: of characteristics 
of a number of vehicle types and will ‘allow sufficient freedom 
of choice so that optimum motion characteristics may be chosen 
for the,vehicle being investigated, Ei 
: “a 
2.2.4.2 Vision, Emphasis on visual stimulation has. long 
existed but has increaséd in recent years with the advent of 
more complex vehicles and‘systems, and“with new requirements 
to operate vehicles under extreme conditions of low visibility. 
It is not only difficult. but also may be dangerous to. train 
in operational s¥stems, The probtem-ts further compounded by 
the fact Hehe olga training/must wait for a combination 
of.desired weather and ava lability of training area, While 
.the simulation industry Has been striving to overcome the ~ 
visual simulation problem, other facets of the ground-based 
simulator have been made to perform with excellent fidelity 
due to the application of large-scale digital computers. The ~ 
. net result is that simulation of sensory cues, dotably visual 
cues, lags behind the technology of the ground-Based simulator. 


In general, requirements for realistic visual simula- 
‘tion for each operator task could be satisfied by a eyeten 
that includes the following capabilities: - 

“a, “Unlimited feseaot of maneuver + the ideal system 
should have an unlimited capability to simulate vehicle 
motions in all degrees of freedom with respect to fixed refer- 
ence +r ane in which the vehicle operates, 


be High quality -presentation - the image quality dis- 
played to the subject should contain real-world fidekity in 
natural color over the entire spectrum of tasks involved in. 
the subject-device combination. ou 
Ce Field of View - the field ‘of view avaible t 
the subject should be representative of the, real-world 
situation. :* we. a pe ; 


that have been used, and those tha 
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- 


summary of approaches ° 
are being investigated . 
for satisfying visual simulation requirements. Many visual 
systems have been:built that hint at e or more of these 


Appendix J presents a bri 


« * features but none have so far provided a totally acceptable 


sh 


solution to the visual simulation problem. , 
; ; ; 


‘ 4 
2.2.4.3 Audition, Aural simulation requirements, , under 


certain conditions, are as important as the motion and visual 
requirements, The capability for aural synthesis has devel- 
oped in the past few years to a high level of sophistication, 
In part, this has been due to the requirements of sophistica~ 
ted ASW simulators and ‘the need to have better aural simla-~ 
tion in aircraft simulators. As a result, a capability 
exists that allows’a large range of sounds tobe simulated 


using a relatively compact sound synthesis system, 


; Appendix K describes some of the techniques that may 
be used for sound generation together with their limitations, 
An ideal apral simlation capability ‘should be able to gener- 
ate the sounds heard by the subject at the correct aural 
intensity, the correct angular separation and with minimum 
distortion (intermodulation and amplitude distortion), Before 
a sound system can -be simulated through use of recordings or 
by synthesis, it is-important that an analysis of sounds, be 
performed, Analysis mst concern both the psychological and 
quantitative evaluation of the specific sound. Qurrent ‘ 
sound analysis gapabilities are extremely sophisticated, 
allowing a ost unlimited degree of responsiveness to 
aural simulation requirements. ‘ 


2.2.4.4 Vehicle Characteristics. ea Real be used in 
experiments involving a wide variety of vehicles, Avral, 


‘inesthetic and visual requirements are directly related to 


the general characteristics of airborne vehicles, ground- 
‘based vehicles and maritime vehicles, > 


é 
+ 


s 


Peree Airborne Vehicles, Airborne véhicles are gener~ 


ally either fixed-wing’ or rotor craft, The vehicles included 
in this category encompass 'a tremendous pérformance range | - 
when related to-simulator engineering. In general, thege 
vehicles have four distinct operating regimes, each one with 
its unique; simulation requirements. Thesé regimes may be’ 
-classified as ground handling operations, takeoff and landing 
procedures, conventional flight and abnormal flight. Appen- 
dix F presents a discussion of the characteristic vehicle 
dynamics associated With each of thése regimes. 


e 
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2.2.4.4.2 Marine Vehicles.’ Vehicles falling into this 
categary are surface ships, and submersibles, These vessels @ | 
operate in or around an interface comprised of. the atmosphere- 
ocean boundaries, As a result wave action, buoyancy and wind 
action interact in determining the motion of a maritime ves- 
sel. A discussion of -the kinesthetic and visual character- 
istics of maritime vehicles as they relate to the ETSS is 
presented in Appendix G. ; , 
: - 7 
2.2.4.4.3 Ground Based Vehicles. Vehicles in this classifi- — 
cation encompass cars, buSes, trucks, trains, cross-country 
vehicles and air=cushion vehicles. The performance range of 
ground-based vehicles is reduced as compared to airborne 
vehicles, In particular, the velocity and altitude components 
are very much reduced. However, two factors tend to compli- 
cate the simulation of terrain-based vehicles. First, the 
terrain traversed is random in nature ,and no specific data r 
describing terrain effects are available for use in vehicle 
simulators. Second, since all these vehicles operate in the 
‘ground effect area of aerodynamics, the equations of motion 
are: extremely difficult to define as the vehicle velocity 
increases to a point where aerodynamic forces are significant. 


Appendix E illustrates a typical Set of equations 
for an automobile operating in a controlled environment. It ~ @ 
serves to illustrate the complexity of the equations in the 
absence of terrain variations and aerodynamic forces, 
The characteristics of ground-based vehicles are P, 
“discussed in Appendix H as they relate to the kinesthetic and - : 
+ visual requirements of the “simulation capability. The effects oa 


‘me 


of random terrain are briefly discussed from the human engi-. 
neering aspects. * —i 4 a . ' 


As an example of d ground vehicle simulator, Appendix 
D presents an extract from an automobile simulation specifi- 
cation, demonstrating the difficult nature of ground-based 
vehicleysimulation. : 


Pata 


2.2.5 Sensor Displays, Sensor displays, as used in military 
devices, provide. capabilities for active and passive weapon 
aiming qnd navigation, Specific sensor ‘display requirements, 
‘characteristics, frequency, scan rate, etc., are peculiar to ~ 
" respective operational equipment -=- sonar, ,air-to-air attack ; 
radar, shipboard navigation set, etc. The ETSS sensor dis~, " ‘- 
play experimental capability, therefore, must provide as many _ 
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; 
display characteristics of 
for maximum flexibility and 
rmation can be provided 


. 
of He required (and potentia 
operational equipment aS possib 
utilization, Display of sensor in 
by two techniques: 


a. Straightforward sls ve of all indicators, 
b.. Graphic displays that permit presedeatioa. of 
multiple indicators in a comprehensive format, 


The first eer ae is totally impractical for cost-eff eeive 


reasons; the second offers the most flexible, cost-effective 
solution, . 


. 


The type 339 graphic display is most aeacticul for ETSS 
purposes,, It provides a’ 1024 x 1024 dot matrix 9-3/8 inches’ 
square, ,Its 30 Hz réfresh rate (to prevent ‘flicker) and 35 
microsecond write time for each point (assuming random point) 
permit plotting: of about 800 points. While this does not 
provide a. very detailed image, particularly of coastlines, 
meaningful although not quite as detailed information can be 
provided by using vectors. Since the display points are 
0,009 inches apart, 800 points provide.a tine about 7 inches 
Tong at scale 0 (every point). In vector mode, a 7- ~inch line . 
can be orate an 0.7 milliseconds, ; ; 

Representation of background clutter is also a proklem 
with the graphic display approach, Clutter can be generated 
by the vartable dot density method used to print pictures in 
newspapers, but this requitves large numbers of dots, For 
example, a one-inch-diameter circle contains 3700 dots. 
Using a 20 percent intensification factor to generate a sea’ 
scatter pattern on a shipboard radar would consume all the . 
writing capability of the 339. Thus the 339 can be used, but 
in fairly low density euEUGE TOUR s ; . 


Ld 


The Type 339 display can be used for several types of. 


‘experimentation; These are simple ones dealing with low die: 


formation content electronic indfcators of the type associ- 
ated with certain radars and sonars., These are sufficient, a 
to achieve’ the intent of the ETSS. ., Other..visual detection .~ 
indicators, such as infrared and low light level ‘television. 


‘(LLTV) cannot be’ simulated effectively using the standard 


339 display system. It is possible that these latter indica- 
tors may be simulated by using the 339 display system in 

conjunction with specialized display ‘heads, or by the use-of 
operational equipment tied into the simulation system. 
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2.2.6 Computer Requirements. e ETSS computation function 

will be performed by a digital computer complex similar in ' 
nature to the XDS Sigma 5; the.-complex will include the é @ 
central processor unit (CPU), appropriate peripheral equipment 

and real-time interface, ~ Both of the latter items facilitate 
communication within the ETSS, Details, of the computer com- 

plex selection rationale and requirements are included in — 

Appendix M. To arrive at determination of the optimum com- i" 

plex, it was necessary to review the mecessary constituents 

of a digital computer complex and analyze the possible vari- 

ations of organization. Three possible pone teuEanions were 

‘analyzed. 


a. Single processor = a single central processor unit 
and its input/output PROCES SCE: 


b. Ndleecpeocdssor - two or more central processors, 
each with ‘its own memory, as well as a common or shared 
memory. 3 ‘ ; 

c. Multi-computer - two (or more) separate, independ- 
ent central processors, each with its own input/output proc- 
essor and with its oe ay units. : 
Table 4.(Page 91) is a cOmparison summary of the three possible & 
configurations. ‘ . 
‘ e *f 
Computer loading for the complete ETSS is estimated to « 
be “approximately 96,000 words of core storage configured 
as shown in Figure 3 (Page 92). These figures include esti- 
mates ‘that will enable the simulation and research funetion ‘ 
to be performed concurrently. The estimate “also includes 20 
_ percent spare capacity. It is extremely significant that the 
computer loading estimates, as detailed in Appendix M, allow 
maximum storage and processing for the detailed mathematical | 
models that are required for satisfactory simulation, This” 
- will facilitate flexibility in selection of.experimental 
models to enable determination of the optimum, 
> a 
Finally, although 20 percent spare capacity is a neces- 
sity, it was determined that the ETSS computer complex must 
- ' be capable of: 1) increased expansion beyond the space. 
: capacity ‘required; and .2) the ability to $tart’on a 
- +slightly reduced scale and expand as requjted in the most 
economical fashion, 
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2.3 MONITORING AND CONTROL. ‘Means must be provided ‘to en- 
: able the experimenter to initiate and maintain control dur ing 
@ ‘ . an experiment and data must be provided to*enablé him to 
le tease results. Control during the experimetit should in- 

' elude such capabilities as altering dynamics and changing 
information available to the subject. This, in turn, imposes 
requirements on the monitoring system to provide proper gon- 
tent and format of information.to the experimenter to enable 
‘him to make ee 


It was decerniaed ‘that the most spect way. of imple 
menting these requirements would be through use of a computer 
terminal. The terminal would be treated as a ‘time-shared “ 
peripheral device interfacing with computer programs, The 
experimenter would require analyses programs to agsist him, 
in determining- whether changes are required for success of » 
the experiment. The experimenter would.also require access 
to results of related previous experiments in ordér to perform 
comparative studies, The standard CRT computer terminal can 
perform this function but the price in.computér mass Storage 

is extremely high; the .Videofile system provides the same 

re form of output but costs less in terms of fhass storage. ss 
Table 5 (Page 96) presents a comparison of mass storage ‘costs, 
and. substantiates the previous claim. 


_4 ; 
In addition to anatytical monitoring, some experiments 

require realetime monitoring capabilities, This function 

can be performed by sees aa yhe modular panels as 

required, — ~ 

2.4 CUSTOM HARDWARE ‘DES In STUDIES. One of the major goals 
ae of this study, maximum f ‘exibility with least equipment, led 

to several custom hardwart design studies.; The design studies 

‘ covered subject. stations ‘de gh, experimenter station design, 

flexible simulation model dnd audio-visual instructional 

devices, These studies, which are seneeied ‘in Appendix, Ls 
resulted in the following: | ; ' ; ; 
a. ‘The necessity for Flexibility’ in subject station: 

‘ designs can be provided by ja unidue. junction panel that is 
used to wire each instrument to the required interface junc-* 
tion... Plug-in connectors are a#lso used to peeneecees Eaptes 
caiiau tae Caceres — . . 

ates 

7 b.. A inult i- purpose trainee: compartment provides medium _ 

. fidelity representations of subject station configurations, 


; and utilizes a projection-CRT and q§osed- caret eo to 
i create the i a scenario ne 


é 


a ean i ‘ ee 
nlc — -_ | - 


Su eae NAVTRADEVCEN bic. -0207e er ee ie 
"a. flexible mult i-purpo secsipceieenvecmsate, 9 = 


as eet es a library te teas) and a standard » io 
i * computer: peripheral ae , a a a 3 ana -— . 


. F se * * . bl 


oe i d. wh concept for‘ an audio-visual device Sob ining all 
Ls en of separate available devicés was formulated, and + 
‘ _ tbijie£ s stem. descri tion was ener: ted. <2. aoe soe 
ac ys “an: y cr pt BE a ae 


‘e 


: e: The use of gener ‘alized math nodels fer all types, aa 


eS ) sie: sig lation, was inves ted. “. Héwever,i it became -evid 


ote). that this area requines, an ih<depth. examination rf 
" stope ‘of ‘the ETSS study’ feaeues 7 Henig 


"proaches ‘resulted. . wy ‘ 


PS af. 4 “PLOW. tae ey of types of data aré, Fauci , 


: |”. betwe m the variaus ETSS: subsysteris . Figure’ ‘4 (Page’ 95y 


oe will be transferred. -by. ‘the ETSS, - and ‘the: “following are the. 


7 e . three: prin pal data types on, i 3 a aero 
Te a) ‘ i ‘ 4 CA he 


ar. Subject, ‘Station Data = ‘These data, available at ‘., [ 
each « of we Subject station -“‘from thé augiorvisual units : 
-to’ the vehicle : simulator “= serves * EWo- Funct iogs: é 1)". to : 
ata Oe initiate any system’ changes via‘ the” computer compiex.imposed — - a 
Ot, by" hewrvalues, and 2) in either raw or “modified ‘form, - tO, “a # eo ‘ 
Sige ae Nodate pectoraane evaluates w 7, ae ts 


. . “ ¥ ue rs . ~~ + « 
x Pe t ’ “ * 
ow, 2 , ae oa fs. Pee 


oe x oe 2 a System: Wencta -: “rhese’ dara. are the: ‘computed re-’ Pe — 
pte tS gate *__ Sponse to subject. inputs, ‘and! are requited to Pupeehe ‘status ,° ° 
oe “< Of the aystemiy’ ee of OS a cs 


“4 ‘ 5 
' os . dt bse e . 


at 2, hoe io c. “Ekperiment History: rs “this data, which. ‘mugt be avails o — 
‘¢ “a . able, includes . technical Feportts. and. een and ‘regules: . 
a os (Of previous. experiments. oN Re i ee ee 


we ao oye ” : ’ why 


rs ow ay ' 
yj * . :B. v7 ft iy aa wf 
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qn 2, 6 HUMAN - ‘FACTORS “MALY TS OF “THE EXPER THENTER' ig sSTAT ION., we” 8 

; P The’ components of the;* Exper ifrental: ‘Training | Simulation System ; aa 
a ae were: ‘selected . primariky’ for théir’ functional - capabilities . ‘in ree 

ee - suppor’ Of experiments fon$idered., .essential: to ‘the Auman wets by 

fo ae Factors Laboratory... They were also sélected ‘to, impose a Y niinds. 

‘» . . ' mum of, technigal ‘requirements, on the persongel expected to | = 

» ~ . Os employ them: The fgliowing, ‘fuinct ions dilate ie performed. at , oe ; 

: : * the apectinanter s oe 2" gs WO ees : © ee age ee, 


. ot r ay 
re me 
” - : Pd *”@ 


"Setup * The ‘éXperiménter must insert’ into’ the ‘simykation * a 2 = 
system the” ‘injtial ‘conditions unger whieh the subject ‘is.toy. . °° * *.s 
a including the’ criteria’ ee cused, in the evaluation ake ‘@ 2 
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-of his performance and the Sernatting’ of pereeracrce’ monitor- . 


Ang. data .to be displayed on Leas CRT. Data émployed in the 


initial setup. will be’ formatted for insertion by means of the. 
keyboard, with some Of the wore Baier’ employed para- 


“ean be se ep standard- 
ized program’ forms made 


ter's station, - o 


7 a « f 
e 
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Subject dead 


pavtiediarly during silot expevi-" 
ee to sense .and «ey luate performance trends having .sig- 
nificance for the. deSigh of later; ma jor experiments, In * 
some instances, ‘informa ‘data collection and” analysis through 
real-time serfogmance m nitoring wi}d suffice | to resolve the, 
design. questions posed Hy the experiment. "Ih other cases, 
monitoring will only, se e ‘tor verify the validity of-the ex-- 
perimental approach ‘and to forff an informal concept for 

later evaluation of fo maL data, - The performance monitoring | 
function will be’ facilitated by formatting the .€RT display 
for ‘data and. data fdruis _gonsistent with the experimenter! Ss. 


: Ave ae on-line enw for real- -time. data interpretation. 


‘Data Retrieval - BE | sontrons-an displays at the ex+ 

ermit the retrieval of data stored 
in the system ‘computes, Data from specific experimettts and 
documents will be retrieve |. fof analysis using the. station 
keyboard,’ CRT; and printe r4) : 


t . ‘ - 


Data Analysis = Proj 
efiments and for the comparison 
ed in the computer, Other, data 
ees using the keyboard and 


‘of data .from experiments 5t 
.may also be introduced, fo 
cst display. ; 

i . 7 ™ a ae The ( 
is seed geod ‘on the-‘use,o 


_— 
gn of the Gy oecimentex" s. steven 
rograms for data insertion. and 
r programmer. The statién.: wall 
“not wequire xtensive Spec a capabilities -for computer pro= 
gramming ’ on the. part ‘of ‘th man factors’ experimenter ,” oes 
ndardized programs, .< 


Ld ETSS SUPPORT REQUIREMENT ; gat heaen the subjects. within 
this section cannot be Cateee ized as task ee ‘{t has bee 


mS can be deve loped for the analy-_ 
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evident eh uchicat the course of this study ere two. selected 
facilities are essential to’ erigerive, ESS implémentation: fe 


er * Décunéntation ‘Facility - = 


, e é + 7 
. yo # . - « 
~ <i ‘ x ies oc? 
’ . * é - ay 
. . . oe 
. . es . 


2%. Production. Facility.) “27 eee AL 7 


a 


2.7.1 poeta wae ian itiieg. “This facility ‘iss required £0 | 
support the. ETSS by enabling ready dvailability -and. access - 
to reperts, inhouse. studies and previous. experiment. Kilstory.- 


. This will not. only facilitate experimentation and. “data analyse > 


sis, but will provide laboratory’ personnel with current state- - 


of-the-art in: training) technology, -, To the present, printed | Me 


reports and microfilm téchniques have been utilized for _ 
library references, but with the educational, military ané 
commercial/industrial communities, constantly seeking more. *- 
effective methods of training and learning, the output’ “of 
relevant research is growing at astronomical -rates, It is, 
therefore, imperative that an’ automated technique. be eapnoyee: 


‘that, will meet tHis requirement . 


~ 


The ETSS documentation facility must be -eupabie of ‘hand 
Ling gptious types of data, and facilitate efficient storage, 
simple access and inexpensive expansion, It should also have > 
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207; rm Production Facility . The second ‘support. ‘facility. is) 


seeded. to prepare artwork, “such as visual aids‘:and panel - eS 
_and ingtrument ‘paste-ups, and experiméntal trainee Station” ,° 


mockups. Thus, the requirements will. "Laclude iliustrating - 
,or drafting tables and appropriate sypplies as on as wHlec- _ 
.Fronie: mechanical. and wOndMOEI ne: tools. te ; -_ 7 


we a: ~ ‘e 
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: 4. Inéxpens ive ° storage - and- imme diate - aeceee ‘to 
is as (See Table 6, Page 100). . he a 
2a ‘Storage of and: hardcopy attacout of entire reports. — , 
3. Automatic search capability by identifiers, includ~ 
x ing author or source, “Subject, report’ ue and - ‘ 
es title/subject keyword. . gh nee? 
* ; a a ; Z ne ee 
8 . She co of conpater programs, ; a ; 
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Because. Of ie ania regen oe ETSS, -it-was 
£8 befor’ a feasi- 
bie, flexible and sere 2 seyatem, could be iene : The 


a od = 3 oe 


lool desociated with ineecaetng fidelity - The | 
_various types of devices to be simulated utilize many dif- 
‘ferent types of: instrumentation, even within a Single type’, 
of. operational . system, “Suppart . of all-of the systems requir- 
‘ing experimentation” greatly magnifies . the problems. of -simu- & 
Lating ilistruments for training experimentation. ‘Table 6° 
(Page .100) identifies the- types of instrumentation associated 
with amlaireraft weapon system in terms, of associated train® 
ing tag 8, and illustrates: the complexity of. the ‘problem, and 
for tradeoffs 3 scnpl eeeenae training-relevant’ equip- © 
‘ a ‘ : ; 
¢ eee re 
Device “gtorage™ ts te the ‘ETSS were to inelide ‘ald 
of the, arious types .of ia ition the hqeessary | cane a 
"storage |faciifties wouLE be protitbitive,, > i ‘er! * 
Cx Device salacetantes: “ Jost as the “Erss ‘would’ ‘require’ 
exéensi e storage, it would also necessitate a large mainten- 
and extensive maintenance equipment. , Since each of: 
yiices would be betula: the required’ maintenance . = 
ould be gee a a et es 
Lad. 


é ‘ated fér tradeoffs ta, ‘arrive at the: erpiopriate. 


_ requires” larger “intt tal ga leer te effort - ee ‘design | 


and programming ~ and larger amounts of computer’ storage: > 


The degree of software fidelity imist, ‘as. for hardware, ‘also- 


. onsider “the variety of system types ‘to be simulated: A brief> 
, study was’\performed ajmed at development of a generalized 

vehicle math model (see,.Appendix L). Even with the lesser _ 
“depth of.analysis im this‘area, it was. obvious that the level. 


= ‘ 


" model deveipment. ” it, is, strongly “recommended that this. ok 


“study. be ca ried further; ‘specifically te the point of pro-- 
_ gecine’ sais tex. prceres! = test eat validisy of the eee 
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@ . , @,* The need for some type of vehicular subject (trainee) 
- . station was established during the Phase I study. For the 
ETSS to have high fidelity, in terms of subject. stations, 
‘ representation for all types of vehicle systems “discussed in 
’ ‘ Phase IL is required. Most, of the vehicular experiments con- 
cerned with operator station configurations can be performed 
using the tmltipurpose trainee compartment or by building ee 
trainee stations using modular panels/, For experiments aiaed 
: at evaluating interactions between several systems. in opera- 
tional situations, a need exists fo a &pecific vehicular 
type of trainee ‘station,: This stat mist be on a motion __. 
_base and have a visual system; the configuration would ‘inc lude 
“vehicular control, power control,’ sor indicators and. con- 
trols, auxiliary systems, navigation ‘systems, optical- bystems, 
‘,ete, If is: anticipated that the skill level in reference to . 
“this type of equipment of the subjects will range from the ‘ 
ae - unskilléd (local college gtudents), moderately skilled (Boots) 
, . .  t6-the highly skilled (experienced military personnel). 
e A There for¢} the. subject station mst be sufficiently etapte 
_ ag £0 accommodate the lowest kill level, 


*® 


> ¥ 


- 


‘e oa. i . , : 
“It was for these reasons that detailed attention was 
directed. towards specifying multipurpose. equipment wherever 
possible, The multipurpose trainer compartment, for example,: 
,, permits a wmititude of experiments to be performed even with 
e low- to-medium appearance easel : 
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“ 
CONCLUSIONS ~- ‘ : ot. 
The edsuite of this study identified problems in series 


ing an experimental capability for all areas identified as. 
relevant training device deve lopment proklems for the Naval’ - 


‘Training Device Center. Most of these results were _related i 


to the anticipated cost of a s¥stem capable of fulfilling all 


‘ ETSS functional requirements \stated in Phase I, One of the 


major objectives throughout Plase II was to meet as’ many of © 
the funetional and training requirements as possible with 
the least amount of equipment. The following) conclusions 
were reached in attempting to achieve this goal: ae 
a. Subject trainee stations, in the * hichié: area, feed 
not be precisely represented for all types-of—experiments; 
basic physical relationships should be maintained to permit 
some degree of correspondence between the experimerital sitt~ . 
ation and -the operational device. \Low-fidelity experiments 
can bé accomplished in mockup hardware and the multipurpose 
trainee compartment. For higher fidelity requirements aimed’ - 
at integrative studies, a simplified vehicular compartment ‘is 
required. This compartment must, in ita: imum configuration, 
be simplé enough so that the least skilled stbjects need. not 


participate in a long-term training exercise to be able to : 


perform the experiment. An air cushion vehicle (ACV) simu- . 
lator appears to fulfill “most of the basic requirements for 
operator, station-hardware. It is anticipated that the vehicle 
simulator with motion and visual systems will be procured 
4after‘other items, The final decision as to the type of 
vehicle a all to develop: can-be made at that—time. 
2b Sitice Gocumentation (reports and data) is an “essen- 
“*fial parthof" anyfxesearch and deyelopment system, a documen- 
tation storage, arid retrieval capability is extremely relevant’ 
“for the ETSS. ‘Eurther, “because .of :the inereasing amount of 
literature being? Pmade available, a highly detfigiest storage 


are gadequate for an ETSS~type requfrepent/ “Therefore, the 
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) Apgex Videofile is. suggested for this purpose” a 
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system must be used, Filing cabinets and microfilm no longer. -- 


pac toning an, expetinent™ must: ave ane 
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att areas of environmental simul tion fidelity. 
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“displays are-required to seats flexible mdee of iiforwabton 
display. Interactive software to the simulation system com- , 
puter’ is required ko soa eas is moc control over the experi- 
‘ment, v 


ra . v . - 
a < 5 < 
” 


ie The yniversal terminal will peat esau suppért many * 
functions such as computer assisted instruction, neantanid 
ter's console, literature research console,” and time- ting 
terminal for analytical research. To. provide simultaneous: 
capabilities, it was determined that eight terminals pf this 
ype were” required, During an experiment using- ‘alphanumeric 
CRT’ s for computer managed instruction, the: distribution of 
terminais. would be: | . 


= 


“e 


“ y 3 3 terminals for the sontxei. group - 


a 


Pe A, 3 termiwahes for the experimental group — Fg 


‘1 terminal -for the instructor e 4 
: 1 terminal for the Sper tmearer: = 

~~ :-@, The question of fidelity for dias ETSS - f, e., motion, 
visual, dynamics, etc. - poses an interesting problem- It _ 


is entirely possible that the majority of device training» 


systéms procured by the Naval Training Device Center.in the 
foreseeable future will require only a three-degree- of- os 7 
freedom motion system to be cost/training-effective, and this 
fact may be established by the ETSS. It is, however, impos- 
sible to perform an experiment to determine how many degrees 
of freedom are required unless the capability exists to com- 
pare up to the maximum possibie in experimental situations. 
Therefore, the maximum’ capa ility is required at the ETSS in 
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‘3 So ‘SECTION VIL- 
@ pS Be - RECOMMENDATIONS 
Poe 1: EQUIPMENT’ AND SERVICES |. ‘é, os - 


_, ‘The ETSS provides equipment andj programs to Sermit any - 

~- combination of eighteén different services or systems: these’ 
services may be uséd individually or collectively to perform, 

These 


: _ the four ci aa a functions identified. 
: are: ; 
: 1) Syskeis Research and ieee - This- inelodes R&D’ | — 
i : 7 


which concerns complete systems, e.g. ASW trainer, incorpor-* 
ating as much of the real world environment ag PORrEn ee « 34 


dynamics, motion, visual, etc, 
: } 


7 2) Tactical Decision-making ene and Development -:. 
Expériments related to this area will deal mainly with eee 
_ associated with tactical environments, The type, of equipment 4 

_ . ~ gneludes tactical information displays and controls; an ex- 
anpte would be a combat control center. | : al 
7 : > a 


aw 


; 7 oF 


3) Sensor Research and Development - The main area of —* 


& perimentation here will be with analog contact displays and.. c 


“BEaOei ates controls, e.g. sonar displays. - | ; 


, 4) Training Aids Research and Development - This area | 
includes experiments dealing with teaching machines; audio- 


visual, CRT' 3s etc. 


A 


\It should be noted that these elavet#teatioas are purely 
abstract tn nature. They do not ‘imply separate facilities. 
The ETSS will consist of several types of equipment which 

used in various combinations will make up each of the above 
Some le lad will be shared in more than one _ 


‘, 
ae 


R&D ‘areas. 
area,: : 
Table 7 (Page 106) oe the dtecribution of po serv- 
ices for each of the prime functions of the ETSS. It should 
; ‘be noted that the Ampex Videofile System is the only, one of 

° tthe 18 setvices that is not directly essential to the experi-- 
mental furictions of the ETSS. Following is a summary. of the - 
capabilities of the yeast pment and setvices to be provided by 


- the ETSS. ; 
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2. SYSTEM RESEARCH AND DEVELOPMENT. FUNCT ION. ° 


“The ETSS has the capability to support eeeeeinsnes inval- 


, Ving training in “complex operator skills that interact signi- f. 


ficantly-with' motion, sound and visual cues. The System Re- 
search dnd Devé lopment Function. cogsists.of a motion platform, 


> .a visual ‘system, @ system for generating relevant | aural cues 


and_a representation of.a Heeneralieed vehitcle operator's, 
ar aptons é ; 
. se ihe . € ; 7 i 7 a Ue i 


ye — x 
"2, 1's MOTION SYSTEM. The motion system will ia che expéri-" 
‘menter to add additional cues to the System being represented, 
as required. The system chosen for; the’ facility is a syner-., 
- gistic system allowing motion’ in both translation and rota- | 
tion Baa: of the X, Y and Z 4xes.,"-It is anticipated that.. 


son 


it will be primarily used in the system research. function,’ ; 
it can be used in ene other -t pecs ates functions. * 

vod Appendices F, G and H discuss the motion ee ee 
of a number: of vehicle types; Table 8- (Page 108) summarizes . 
‘the maximum motion simulation characteristics required for ex- 
perimentation in the cues necéssary in training vehicle operators. 


The dheratectictles of the Biss -mot ion, system were . : 
‘derived by taking the maximum values from Table 8: Since » 2 


‘it is expected that a visual system will be mounted” on the 
motion platform with the vehicle cab, a maximum pay load 


a 


The relative merits of aynergistit and cascaded motion - 
systems are briefly discussed in Appendix 1. A.cascaded' 
motion system can be proaured at lower cost than a comparable 
synergistic system, and it is easier to program. Further, 


_ the cascaded aiso has the: characteristics listed in. ‘Table: 9 


(Page 109). However, "it suffers from a number, of limitations, - 
«including ‘ physical size and cross. vibrations. " Because of 


' these: limitations it is, recommended, that ae ayeten 
be sg ae in one ETSS. : 


. x 
s reg 


The gath- model: uped to drive the six degree of freedom 
‘motion syStem*derives its inputs from the gimlated vehicle ~~ 


equations: of motién. “The drive signals define’ the platform- ~< 


orientation, which aligns the natural gravity vector with the 
acomputed. rae station gceeteration vector. The -motion cye 
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ae apie 8. SUMMARY. OF MAXIMUM MOTI ton paRaneiees* See 
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EXCURSION ‘Liars ee ee ee | : ee 

& ane (degrees) - +30 i} 450 | ae ois 
“| Rar . (degrees) +22 | #50 |. Loe. 
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‘ Lateral Ginches) , | 750, ) oe NA - : “ Ra - . 
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; MAXIMUM VELOCITIES... ae ee i : 
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TABLE” 9. TYPECAL CHARACTERISTICS FOR ETSS MOTION SYSTEM ©, 
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’ é if . u 
ie — ‘ " “7 = 


_ math “nodes” SO generates drive signals to define thie required: 
angular dnd'{(trar’slational accéleration onset cues, as welk las 
: , the subsequent sub lipeiey velocity arid posttion washout. ia 
. motions, : ‘ ed eo es — 


“ - » © iced » . a 
i j , . ae af wo . ' 


~ 


-  ., fo further “ enhange the: ‘kifiesthetic cue capability, -it is, . ‘os 
recommended that the, synergistié motion system bé augmented : | 
_ by iftelusion of ag seat, similar to the, devices. developed by 2° 
Cs © % : Link/Miles' and Goodyear. Aerospace .Corporation, e. 


‘ % a - . - 
, a “es, . e o on * ’ . s * 


‘: an Meyices. in addition ‘tq the vehicle station can eu mount - Ce 
» + "> ed on the motion platform: Hardware for. experiments. in which oe oe 

motion: cues have heretofore been cansidered unnecessary or “4 
Jdistracting , can’ be emplaced on the platform to permit’, bes of | 


a r) 


. ‘ ments.to ca are the relative advantages or disadvantag és of 
i. “including in otion in specific training exercises, - —s 
se, . . oe . ee ee 
* 2, Z. VISUAL: ‘SYSTEM. It is recommended: ‘that the vieuel system . ge 3 


‘ be procuréd in teo- ‘successive’ stages: ‘the first will saa a 8 
: a relatively, simple, capability at low cost; and the secorid 
comprehensive, sophisticated capability. ‘at greater cost. <Each.  *- 
- | $tage wilt.permit experimentation “in any of- the ETSS functions,‘ +_ 
; but it is. eae eee the full yisual system will be used oe 
_ primarily in the’ major area of: ‘systems. ‘research, due ‘to its”, 4 P34 : 
GORE pone lentey and relevance. a a eee a a. @ ‘i 


oo ey 2, 1 ’ rage oe " Point-Light-Source Projection System, oe oie “iM e 


: " recommendéd that the initial visual system be a.point light = ~~ -«. 
1. '' "w  gource projection system, utilizing‘a wrap-around screen,’ A " a. 
point light source projection system; together With an ortho--° ~*~ -* ° 
photographic cranepecabes. can ,produce an, image. intensity of Pa . 
afer" l. to. 2 foot~Lamber ts with moderate. image resolution. for com-  : |). |” 
’ paratively lowcost. ‘This will perinit: ‘experiments in which * 4 ee 
‘two-dimensional cues, -are _rélevant, such as in aircraft ‘attiy ot 
. tude control, if “the scene contains Sniy, two-dimensional a” er 
images, correct perspective may be maintained.:.‘A réview of 2 
, - visual, reqiizemerits: for. the individual ‘Vehicles, likely tobe ..'° | 
, ‘ simulated indicates. that- the. projection screen Should havesa 
field of view of 240 horizontal degrees, by- lé5vertical, 6.7") .4 
=h “> degrees, The point, light source ‘should have -the capability | # Og Bg 
- for rotation Bhoet éach of the Ra -¥, ae Z axes. te _ I ‘ 


% 


? 
> ~ * 


a. =. Since ‘the firssis requixés to be ‘as: flexible as ae _ . watt 
a “stble, it is , important-that the visual system have this same - 
“flexibility. Theréfore, it-is recomimendéd’ that the visual, 
ec screen and- ons Light -gource ‘projection :! 
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of 


,', 9. ‘sphere be mourited, on’ a Scumeuoe that will, facilitate ‘its, 


@- ,mouriting and. removal’ ftom the ‘motion system, as required. | a 
as o. ° g . a vr, - Und = ae we 
= ag a we is waceue ceed: that. the écteen, ke at. least 10. eon 

’ ; -. away from ‘thie. eyepoint. to allow ‘the subject to change eye © ; 
ae ‘focus from the, work’ station to ‘the horizori ‘and back, - This 


. 
77 
a 


- . 5 oe on a 15 foot: spherical macTaee 


+ 


° 


a a jmplies a structure providirig a wrap- around of 240 by. 165 


2:2. “Stage IL, Digital Computer Tita a Conbraie, Thrs- - 

ae will provide the ETSS with an extremely comprehensive _ 
; visual capability. The system comprises a digital computer ‘ 
' : image generator , that provides a full-color visual display 
i over’a viewing angte of 100. x" “130 degrees. It: is recommended, — 
“-. ' that ‘the system be capable. ‘of generating about 1500. gdges, ° 

‘- and that, at least three images within the scene be provided’. 

swith their own set of. transformations allowing -individual . 
= i motion ‘in their own ‘reference frame. The image presented is 
2 defined by a math; model and’ the contént ‘of. the scene is’ con- 
“'"" | strained, only by the degrte of sophistication of the math 
_» model, ‘Since a vertical field of view is nequired with an” | 
r, “angular resolution of 4 arc minutes, at least 250U line pairs 
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Pa are required, 


This is beyond the capabilities of presént day’ 


“TV pro 


2mm 


Jeu 


dion systems and, therefore 


te 4 


a> & 


S xécommended that * 


some ne ‘A 


” 


" mount ing | on and removal from the motion piatéorm,’ ; 


.the .averall visual | capability be comprised of a number of. » 
‘smaller TV displays: The 100 by 13Q' degree, field of view 
requirement may ‘be met by., “using: ‘a viewitg system consisting 
“Of a number of separate TV ‘projections on a 15 foot radius 
screen, Or by use of a nusber, of "pancake window" displays 
‘developer by. Fonrand Optical Company... . ies 


5, é x # . 


pee in ‘thé interest of experimental ‘flexibility, ea 
it is recommended that the visual, system be designed for 


, 
- 


a _ SOUND SYSTEM.’ Te te recommended that the ETSS include 
a capability for. ‘arialyzing and generating aura’l. cues, 'A 
standard spund ‘rack {40)_i is, recommendéd, to be employed jn 


: _ defining Aural-eue ‘nequikements. for” training gevace appli-.’ 


‘ 


“cations. ; a Jt He, 2s 


é » é 
ye ¢ 
‘ ~S * al 
x 


“for synthesizing all yelevant environmental’ soynds ,. for use 
in the Sensory Systems, ‘Tactical: Decisions and Systems Re- 
searéh functions:, 
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27s “The recommended? goutid ‘system will provide a capability, .4 


It may “also be | useful in the Training Aids” ; 
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“interfaced. ‘to the ETSS computer. system; "phe panel should 


“have ‘adequate “cixcuits’ and controls for. aynthesizing most _ a 


ae soupds’ that are now anticipated : ‘as valuable. to. ‘training: 


. 


. at ' 
at y + rts ‘4 2 


ie equipment, «a ‘wilti-channel - amplifier with a multi- channel. 


“Speaker , system, a small sing te. speaker “for directional’ cues, Sa 


‘and necessary power sypplies for system operation. It’ is .. 

‘also ‘recommended’ that’ the sourid - ‘rack contain a number of high ., 
~  preeision tape recorders for use in the énalysis of audio. , 

gcues + , oe oe _ es 

‘ “Za —_ ‘at a ene 

2.4 - VEHICLE SUBJECT STATION. “the. recommended vehicle simu- 
- Lator is capablé of representing a. complex vehicle, such as | 
‘an aircraft, without encumbrance of tactical, and communica; 
tion-systems. Allowance is made’to oe change of con> 
figuration, type of vehicle and operating tode;. Prime use of 
this equipment will be in system research utilizing one or 
‘more.of the visual, motion and mound ayecome me, : : 


3* ‘ ‘a: md a! > 4 


.Y 


oe 


nL} 
* 


‘ The multipurpose eompartment will ‘elon generation of 

i8 3 low- to medium-fidelity representatiort of the vehicle, It 
may depict electronic. displays, external visual scenes, mis- 
sile firings from launch vehicles: andthe interior of the 
‘simulated yehicle. Other functions may be: devised for the 
“device as the need arises, Because of its great vers ility,” 
the device will also “have a role in the Sensor Systems, “a 
Tactieal Decisions’ ane System Research functions’ of .the ETSS 


a 


“ As discigsed in Section Vi, the Air. Cushion Vehicle . +7 
“appears to contain most elements’ common with the -other vehic- 
.les to be similated. -It is recommended later in the section ( 

, that the vehicle station be ‘procured in .the fourth module, 


providing time to furttier defing ETSS vehicle station require- ~ 
ments, - + |; Oe We kw 


“The ‘sound vatik will BY80 contain special ‘voundvansiveid + ; 


a 


?. 


— ae ETSS: a gapnore oe nee. in’ eee? decision 
nes ae Poe by” permitting the representation of the various systems , 
_invélved in this type of task,, These ‘systems inc lude detec~ 
_tion systems, ‘communication systems, navigation systems and 
: ” armament controls and displays, The. various multipurpose ETSS 
-* elements used: to build up" each: “required configuration | : 


include: — - a is ; : , 


“8 x 


a 


; ; wal A graphic GRT dient to serve “as ‘av - éénsor indicatgr ao a 
or fia same dispiay.. a oes ‘ oe ge 


. 


be sModatar : ‘panels for configuring the, seateot and ‘dis~ ae 


» play portion of’ thé ee station: ae ars Cae 4 r. 


Ae 


c. An alphanuerié “display for use as an information: atid 
commurtication device. on es 


- 
oe > we “ 


oe : a is z 
dé. An te acantes! Ss consci to generate and control , 
data presented to the subject, Moe problems can be pre~ 
programmed and storéd of magnetic tape. The experimenter’ can 
then concentrate on observation during the exercise, 


pun copesae | pestis also permit ° several “qubyeece to - 
be used during one experiment, Each subfect can be provided 
with a different station, depending on the. matters of inter- 
est during the ‘experiment, and differences | tn ‘performance 
can be enatyzed: 


he SENSOR RESEARCH “AND DEVELOPMENT "FUNCT ION 


Sensor displays exist in ‘many forms, each with its own’ 
an Fae characteristics:, meters, digital readouts and CRT 
displays with specific phosphors. The following discussion 
is concerned with the synthesis of displays using cathode ray 
tubes, inc Lud ing: 


Ship navigation radar 
°.Ship weapon control radat 
Airborne navigation radar 
Airborne weapon system radar. 
Ground surveillance radar. 
Précision approach radar (PAR) 
‘Sonar systems 
Navigation displays 
Electronic countermeasure. displays 
> re 


a 7 po Oe wavreanevicen/ ‘egie- 0807: 5 
ie roe - — - Since dee: 4h vesies forms, 4g ee: in most—.< i ca a a 
<a categories -in- the. above Hist; it. received. prime. emphasis th” di 
me * | the study, It was assumed that ita ¢adar’ pieture can” be i 
" presented, the teusining types of. Aiep lays. may also be. ‘réadily a 


; or "Represented. after. suitable nathenstical’and/date maniputations, . ; 


ne 572 -syntheais of any, feadar. eyerew is géverned! peingetty 
.. ; cs by. PEELS eer etae off fhe ‘toHlowing.: ‘Parameters Cees 


so 


_ ‘ - ee ee ye 


or , 


8 ee ees - .! Sean’ ‘gate Sp ge Pree Fe te gf ee 
Soe Pulse: repetition. Feeaiee, © Ue eh ee ee ae 
2 LUtTE™ a Radar ‘CEOBB- Section ~ are i ae ae ee 
Pete. COL 4 “Antenna? pattern SAME ee eb gh oe 

tate doen Pulse; wAdth gh nee pe gE : ane - 
ae large sumbéi: of radar simalators ‘syatheslee the radar aie 


os - . bytuéing an, “algorithm based: or the characteristic operation -’ 
oe of the, operational’ radar set.’ It is not. the: intention of. the 
sk “ETSS to provide the ultimate ‘in radar-'simulatton; but rather . 
: 1' to provide'a capability which may be. useful in evaluating , 
; training approaches. The complexity of the radar synthesis ~ 
‘ algorithm is determined by the realism imparted to the.above 
five parameters. For a low- fidelity representation, some - _¢ 
of ParaMerers may be excluded ox, held to a constant value, ve 
‘ : - é . 
‘ Since a, ghaphic display is recommended, = approaches e 
e to radar synthesis are suggested: the first uses a vector 
m ‘representation of the radar coverage, while’the second uses: 
a dot imaging of the radar coverage, The former is the ~ é 
simplest, approach in terms of both the display processor ; 
requirement and the radar synthesis algorithm,’ Two approaches 
to radar synthesis using the Digital Equipment Corporation ' 8 
8 ae 339 dfeplay ee were examined; ‘ . 


~ 8 
‘. a * * 
. 


’ - 


: . a, Seandard display system ette: vector representation 


- 


of radar return images. (Scan. rate PRF ,*tintenna. pattern and- *).. 4 
pulse width are ignored. ) : \ 


x 
rf 


. b. Modified display ‘system, use a special CRT with, , x 
varLable- persistence phosphor, .(This approach allows former - i 
: ly’ ignored -radar parameters to be in¢orporated >with somes %, 
Seater of fidelity. ) . 7 ae 
* Soke : - ; 3 
: : a: a ‘ ac, - 


= 


o ‘ * % = “ . { 
TRO “22 6 goo ss 
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ee: ‘LY STANDARD DISPLAY SYSTEM, The Type 339 display cg 
| _ “P31 phosphor: that requirgs an ‘information update éyery 1/30 
aes fo seeand to prévent/ flickét.. It ‘is intended that” the radar *.<, “4% 
e. os réturn. image be synthesized. by using a number of vectors of -.. | 
ar a ae "_yardable Yengths. - _ Vectors: are chosen’ in preference. to. “points” 
efile. Because’ of" plotting speed;-every 1/30 second’ a,new image: TB - 
“Ln, . kpainted gn. the display. The vector coordinate information 
a - is updated: at-afi, interval dictated bysthe qvelocity of the © 
et _ Madar - ~garrying vehicle, For ,example, if-the “range of the - 
</7  « nea¥est image is ic,000 feet, the vehicle is traveling at | -— 


os - 40 ‘feet/second and the required range: displacement error 
gn wt. eS a is ee vector sang le update rage is given by: - . 
airy Lo * _ ie ate c oF ~" 38 . 7 a _ 
_s Oa ee re Nearest. image’ distance x RDE - , ue 
cnet, RS "Update oes “- Vehicle velocity ae eo * : 
re . , ooh OE ey \ ; BB, a 


eel 28, 7 ef @ = = Sa 
. —— 


m4 ees ee et eo seconds | 5 eae ; vere 


— NOTE: This ipdete caeeeidines baie to be modif by. the” . 
a oe . payehelesipst criteria associated witht ge jump." 


es. 2S “in thie tie intezval, each vector has to be advanced 
. ‘ escorts baa which. of rhe ‘two modes: oe radat is aS 


@- : -Slavéd to some compass Neaaing, 
b, Slaved to'a specific bearing relative to the. carry- 
ing vehicle. : ; my 


a 
.” 


For example, the: display could be a PPL with Rither north or 

the ship's pow'at the cop'of the display. The latter poses 

the wore extensive computation load, because each vector has 
" to be rotated; and displaced to allow for vehicle movement and 
_° * yehicle rotation, 


41° : . ‘ : 
. This approach has certain training benefits bie it is 
net representative of the majority of radar displays because 
of its lack‘of system parameters, ‘fading returns, sweep image, 


oo 3 and other limitations. -- - “4 ; . 


- 4,2 MODIFIED DISPLAY “SYSTEM. The modi fiéd ere system 
: makes use, of all the. standard 339 hardware but utilizes a 
~ spec{al display CRT which allows the signal return to have 
. -the correct’ fade characteristics. ‘ The CRT has ‘a. special 
_ phosphor with a variable eee adage Although the 339 


us 5 “ : y ‘ ‘ 


= a . ay ; “ . ‘ an < | 
fan woe : NAVIRADEVCEN '69-C-0207-1 | es 


la Oe ~ @teplay. can dispiay eee ae echt intensity levels, this 
ae 3 * ds not recommended during the synthesis of radar or sonar. ; @ 
ke a imagery., To update the data base in realrtime corresponding , 

7 zg FO ree returns dnd signal fading imposes a very heavy 


. burden on the Central Processing. Unit (CPU). 


= © se 
+ 7 


death, tiie ‘criterion for the data base waaeee een 
is the same as for the standard display approach, From a: 
Be ictus tout point of view it is feasible to reduce the PRF 


: gee "1 considerably and yet still obtain a satiefactory picture. 
oo es The characteristic parameters are inherent by virtue of the’ 
fo : point: transformations, data manipulation, and control of 

: : a ee oe , output data. . : * 
eo . The vastaniecnee: tacanee ehosphoe allows the character- 
ai istics of the display CRT to resemble those of operational 


= . devices. The purchase of the médified display approach is 
— advocated ‘only if the vector speronch is tédo limiting for 
training evaluation. ; = 
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ae PRN ENS ns RESEARCH AND DEVELOPMENT FUNCTION 


-° : The eraiotas aids wesearch section of the ETSS can be 
, described functionally through definition of the various 
devices and techniques recommended to satisfy the goals of @ 
the facility. . os : 


"Computer-aided instruction can generally be defined as 
the student's interaction with a computer during on-line 
operation in which the computer performs such functions as 

_® problem generation, lesson sequencing, response evaluation 
and tutorial coaching. In a sense, CAI‘oc cusg on any experi- 
mental device*with automatic features such as ‘demonstration, .. 2 
briefing, adaptive. learning, cueing and feedback. CAI utili- 

, zed in the EtSS facility will include display media consisting | 

= of graphic CRT's,.alphanumeric CRT's, the special’ universal 


terminal and other input devices’ such as ene pens and i 


boards. 


5.1 AUDIO-VISUAL SYSTEM. “This device will be~ primarily 
intended for use in the’ training sige cee function, 
The device may be interfaced to the central computer complex, 
; . central documentation system and one or more of the universal 
’ terminals. Responses from the BUpIcee will cause a spoken fe 


A 


s 


aot 


. 


eo 
; Tree el me OF 
# 


commentary and an appropriate picture to b& préesentéd: | It 
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cisions and sensory systems functions may be performed. with Yi 


_ this device, © $ ; ; ie at 
, , e Par es ae hs age 


‘In conjunction: with the CAI, system, it is -cecommended 
that\‘use be made-of an A-V system ‘to enhance the capability — 
of the total training. aids section,’ -The A-V system will ~~ 

‘employ slides, motion picture ;- dudio .and a’ student responder 

' system integrated inte ofe unit. - These components are illus- 
trated in Figures 5 and 6 (Pages, 118. and.119) and discussed 
in Appendix E, in-which tthe primary description and a discus- 
Sion of the required facilittes’for the use of an,A-V system 
are presented, ' “we ; 


e! we st ’ 


5.2 , ALPRANUMEREC AND GRAPHIC CATHODE RAY TUBE. A primary 
function.of the alphanumeric and graphic CRT system will be 
to experiment with various, CAI methods, using a CRT display 
with keyboard and light pen input in interaction with the 

computer. The so i 


‘ os 
6. EXPERIMENTER’S STATION 

The experimenter's station will facilitate research in 
,optimym methods of controlling an experiment, or permit con- 
ducting: a simulated mission on the vehicle simulator. By 
virtue of its modularity, the station may be configured -to | 
any desired application and therefore’ will be applicable’ to 
most ETSS functions. , we" — & 


- 
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The recommended exper menter's station is fldxtble and 


can, be expanded to adapt changing requirements inherent . 


in the utilization of a research device. Special attention 
. has been given to modularity to assure a system of structures 
afd panels that can easily be converted to any ‘desired con- 
figuration, "Anything leas than complete flexibility in format 
, and arrangement could unduly compromise device utilization, 
resuiting in limited utilization modes, awkward visual scan 
patterns and confusing control-display relationships .which 
_could contribute to operator fatigue and error. 
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Although éomplete modularity and eleeibility are récom- 


mended for the experimenter's’ station, it is anticipated that © 
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aN : é more or less anes ‘configuration will ‘evolve, anteh ‘in- 
corporates nearly al] of the requirements of various experi- 
meénts.,- It igs expected that the experimenter' 8 station will 
eye “consist:of a CRT, an alphanumeric keyboard, function switches, 
' experimental equipment controls, ,indicator lights, communica- 
tions, equipment and a printer/pl tter. 


. wd the. CRT/keyboard approach reduces space and’ hardware 
2 trequireménts, -provides needed flexibility and.reduce’s inter- 
' , 7 face, cost, schedule and reliability problems associated with 
"ruse of a, separate indicator or control for each display or 
eh control ‘function, This approach minimizes the amount of - 
: J shifting needed, and makes it relatively easy; it maximizes 
ee , . readability of. displays and requires: just a few standard, 
easily, learned keystrokes to accomplish any control ‘action; 
~ ‘The importatice of keeping changes primaril¥ in the ‘software 
2 “ 4) - area is that the same’ equipment can be kept,in operation 
oa . full-time with a continuous flow of-experiments, with a 
- minimum of teardown or buildup time.associated with each:: 
_ ; ,/e@xperiment, The CRT also’has the advantage ‘of variable 
an ; . ‘format so that pertinent information can be selectively 
: _ displayed. "Information can also be ‘displayed in compressed 


poems such as smmary. and computed data, ct 
‘4 Soe * a oe 


. 
had 


Us ? 
‘ 
. 


. ~ gine. keyboard permits ‘the instructor to communicate with’ 

a  e the computer, Thus, subject studies can be quickly and. 

eos ‘. easily revised or modified on the spot. _ The control modules 

. Fhe permit the experimenter to‘insert discrete ‘parameters © 

peo ' {start ‘and stop a time dispiay, start and’ stop experiment 

gigs and freezé specific simulation parameterg), and éontrol’. 

a * " vatiable simulation quantities (platform fiotioh, intensity, 

ae “sound volume and lighting intensity), Indicator “lights can 
ee provide equipment status, - warning and pother aah discrete 

- event indications:, . p48 ow ; < an 


-% - . 
e ge” ¢ ® ui 7 ¢ a's . as a os 
w ft e 


a The basic consoi 2 module eo acnnaeds fis a a onaexolle ily 
; ace oA “- available turret, pect ton’: A variety of, slopes. and models 
7 2)“ "(5 are available as standard catalog ites,’ With these units, 
ae ace considerable flexibility can bé achieved. The turret, in 
ee ao any orientation, can be ‘dttached to stdndard .egui pment racks i! . 
: or they can be placed on a table top.’ The result.is+a modetn’,,* | ; 
Pee me building-block console system that hag a pleasing” appearance 

a. ee and is capable of adapting to needs ranging from a very smalf ss 

. os _to a.very large’console. Special ‘shelf-modules are available’ a Lo 
"4° 5 # and,wedge cabinets can be obtained if /built~sn" horizontal 
ney ‘wrap is. required, Cabinet structures -should ‘be fitted with: 
Oe a: A ete casters (to facilitate movirig). and leveling jakks. ey as 
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; facility for all*person 
vide added. flexibility in adapting console structuree to 


° each CPU have-its: own ippit/output. processor. . 5 
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.* Figure 7 Ca 122) illustrates the flexibility ‘of the 
turret’ module. Turrets should be fitted with perforated aa 
moufiting rails to-accommodate a ‘variety. of panel modules. 


Panels.’should have handles and guickreelease, captive 
fasteners. . ‘ 


- 


The modular panel sy pten should be Ns shesogioue ‘the 
nel consoles. Such a system” will pro-- 


specific configurations, $tandard panelg can be prepar : 


‘ with various, useful ‘combinations of switch lights, indi 


lights, .meggts, selector switches, potentiometers, Sicaevneet 
switches>and so on. A simple means of varying panel and 
component nomenclature should be provided. Specific systems , 
such as a motion system, sound system’ or visual system could 
have permanent conttol/display panels associated with them 


ae still be of the spEOper modular .cizes, 


3 


Even ehodeh all. sanebe will not. _be .used in every experi- ~° 


- mental design, many experiments may “‘requige: ene ‘or more of 


them. They might also be-used. advantageously in many subject 
station arrangtments, Bécause of their usefulnéss and rela-. 
- tively’ low cost, they are considered not only worthwhile ‘but 
e@tential, x, 82 y 
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ee Ts GENTRAL COMPUTER COMPLEX ar” 


: The central computer complex will be the hub of the ETSS. . 
and will coftrol, manipulate and receive data from all areas, 
Control and input of data wili be. dependent upon the. peri- - 
_ pheral devices, universal. terminale, system mockups and many 


specialized pieces of electrical hardware. At any time, the ww * - 


experimenter will be able to obtain. information about any 
‘function being perforwed in the ETSS,.provided it is inter~ -. , 
faced wee the aa computer complex, Loe - 3 aes 


- i a? 
: ‘ 


had PROCESSOR CONFIGURATION. /It is -recommended that @. *~ ,, 
“multi-processor configuration be used, Since it is required - 
“that the main simulation capability be. run separate from the- 


_ other research functions of the ETSS, it is recommended that 


z 


4 es a “gn. 
ae on CORE REQUIREMENES. "To accommodate al erecis of train- 


ing and training | research,” it is recommend that the amgunt ; 
OF core. storage total 70k words in three. blocks of 32K;: 16K 
and 48K words. va 
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- & Byte 
i a. one. Se: 
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Ona WORD Lenore’. ‘Depending on ‘the data’ accuracy require- 


‘ trol {ngtruetions, ae 
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re 3." ‘PROCESSOR SPEED.” To cover. -all aspects of training “and 
\ training: ‘xesearch, it is recommended that the individuals 
- procésgors each have an execution rate in. excess of 200,000 
eas per second, ~  -". _* 
». ; ve Oi 
‘ménts and the type of work to. be performed within the ETSS, 
it is ¢ecommended that, the- computer use a word length of at 


ger aee 32 bits... - (See Appendix ” Bek Fg , 


725 “INSTRUCTION REPERTOIRE: - It is recommended that the 
instructions allow direct addressing. OE all cores,. or in- 
“direct addressing without’ the titié penalty normally incurred 


"* when indirect dddressing is used in. machines: With limited * 


direct ad ressing | capability;. The ins ruction. répertoire 
should i lude de pas pore eixea- ll, logical and coh; : 
. 2 

7.6 SYSTEN- INTEGRATION.”  aarb cevenended eontlsasariion of 
ETSS hardware is shown in Figure 8 (Page. 124).* It should be 
noted that each of the central} processors , CPU-A’ and “CPU-B, 
has 4ts own iaput /output processor: CPU-A will primarily be 
used.for systems. experiments, using the visual ‘system, motion . 

, system, sound. system and- the vehicle simulat ion ; and CPU-B 
will handle’ the majority. of the research ‘functions , time- - 
sharing . “services and. control of the Videofile system. . The 
two processors. have -16K words of common memory.’ The PDP-9 


. 339 display. system ts ingerfgced to CPU-B through the general 


_ system interface. The~Zeneral- system interface is. the hard- 


* ware interface between IOP-B. and ‘the multipurpose compartment, 
audio-visual deyices;, experimenter’ -s stations, the auxiliary 
’ arialog /digital systems and the aneer Videofile ayes ce WECM. 
its. universal rds 7; i 


wr TIME- SHARING | ‘SYSTEM. A time-sharing’ "system which, will 
be an extenggon of the central computer complex, will ‘allow 
Fhe ETSS staff.to use the complex as a scientific calculator 
‘co run a program. that will generate new data as a result 
of earlier ‘information; The interfiace between the operator 
_ and “central computer complex ‘will be the universal” terminal.> . 
“It is expected that , the, cige-Bharing system will prove .in- 
valuable to’ the ETSS staf during execution ‘of_an experiment 
3 a 2 the design ‘or research ” — of a ie ila 
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. For this study and discussion, the ETSS software has been '? 
divided into similation/experimentation programs, utility 
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# “The: ‘software eaqutvesnes of the. ETSS sites. aintaue 
challenge to the system: designer, Software will also be 
modular in- désigm and. easily modifiable by the experimenter, 


~, 


programs and ‘diagnostic perenne 


8. 1 SIMULATION /EXPERIMENTATION PROGRAMS, The simalation/ 
experimentation programs for the ETSS.will cénsist of all 

i Soa required to perform simulation and experimentation, 
ThéSe programs will include ,the on-line executive program(s), 
real-time simulation models’ for the simulator, input/output 
programs required to’ openate displays and controls, auto- 
matic ecoring and ,evaluation programs, and data comparison 


and analysis ‘programs’ required by. experimenters and the data 


. 


retrieval REOEEaM, , = 


% 


8, 2: PROGRAMMING LANGUAGE: The programming language enadi= 


tionally used for writing flight simulator and/or motion 
simulator ‘systems has been assembly language. Prograns that 
are codéd-in assembly language ate then. transla'ted pe an 
bly. programs’ into machine language or, object code, 

assembly langage program for any- particular computer ees 
similar to the computer language in that instructions, and 
data rélaté one-to-one. Usually an assembly language in- 
struction must be written. for every machine] language that 


, results, Coding at this level, therefore, is. time - consuming 
‘ and requires thorough knowledge of the computer, instruction 


repértoire. ‘ . : Tee 


Assembly language appears to *bé used by some simulator ‘ 
manufacturers because the, resulting object code may- be. more 
efficient when compared to: that used by some high- level 
languages. After a simulator has been delivered, a user 
agency will normally make comparatively few program changes 
and, thus, modifications’ can .conyeniently be coded using 


‘assembly or even machine language , The ETSS, however, will 
‘be utilized.in quite.a different manner, The varying nature 


of the erverimental task will employ Preonsiderable | amount 
of program. -modification and‘ additions4on a regular basis, 


For this* reagon, it is recommended that the operational ‘pro- 
% grams be written | in a..high-level, efficient compiler. language, 


and ‘the compiler” ‘and 11 documentation be provided with the 
facility for updat and” thodification. _ (Compilers exist 
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, : today which generate a very efficient object module, )- _The * . @ x 

° : ' provision ofa good compiler would relieve the experimenter’ . 
Je of much of the tedium associated with , coding and debugging - a 
: in assembly language ; oss a ~ te wo 


ae Compiler languages are popular beeuoce they’ relieve the. 
programmer, in an average -program, of bookkeeping and trans- 
formation requirements that must be tended to when an agsen- . = 
bler alone is used. The compiler language may match the. -, ae 
. tanguage in which the problem is stated and, once the problem , 
. _is stated, little need be- done to convert it to 4 computer “ie 
program. Table 10 (Page. 127) gives an example some of the » 
currently available compilers. No attemp has been made to. ~- ., 
; ' determine which language- will best fit ETSS.r uirements. - — - * : 
* _ However, it, is possible that a. language, whiéh.is designed en- 
tirely for -human behavioral applicatiors (not included: in’ 
Fable 10) might be available and best suited for conversattonal 
language Commun neaeteS: between experimenter | and experimental _ a 
BrOE ramps . , 


‘ r . . 
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' ew TEs Likely that different levels of Soman a wil 
be used“in the. ETSS; "The math models associated with the 
simulation will probably be most" efficiéntly generatéd by. - @: 
assembly language. However, for experimentation and experi~ . 
mentation programs, a higher-Lewyl language -is almost a nec--7~* . | 

- -essity to enable a human factors psychologist to eommunicate <2 . 
‘with the computer and sub jects/traineés. ne 
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8.3 EXECUTIVE PROGRAM, The conventional method a éxecutive , 
control for real-time simulation, programs employs. a simple. - ae 
e. * scheduling executive.. This control program is called at- ~ : 
. ’ specific time intérvals - for example, every 50° mili seconds 
- - by means ‘of real-time clock interrupts.-" The, task of the’. _ 
executive after each interrupt is.to schegule and recall: thie 
routines to be executed during the. next ‘time interval. or’ 
frame, The scheduling task is generally simple “because the - 
iteration rates and, therefore, the exepution sequences of 2 
the various routines.are specified by the programmer and 
HeUREnEE fixed- ae Simulation and operation, a2 ee: 2 


a 


; - The ETSS 5 4s cnktain to require a Highee-leyél executive 
which, in addition ' to handling the executive functions of ‘the 
simulation program, wWill-be able to handle the real-time eo” , ‘ 
‘time>sharing systém of the experimenter stations, This con- @ 
cept enieeone a, ‘structured ‘executive in which the master . : 
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c6ntrol executive- would control subordinating executives or 
sublevel executives in each of the Problém. areas (i.e,, sim- 
~ lation “and experimentation). - = a 
It. has. been pointed out ‘that scheduling of program 
utilization on-a fixed,framing basis is very wasteful of 
machine time, Repetition rates of the various routines that - 
are established to provide good response during dynamic con- . 
ditions can be’ far greater than is necessary during steady- _ ° 
state conditions.. -Fdr example,.a repetition rate of five _ -. 
‘ -SOlutions*per second can provide’ adequate dynamic response — 
for#most ‘aircraft engine equations but, during steady-state - 
(i.e,, cruise) conditions, updating the equations every two . 
‘to three seconds should.be sufficient ’to account. for slowly. 
- varying ambient conditions. _ ie os a 


~ 
x 


“ One obvious method of providing ‘more efficient scheduling 
would be to design an exécutive program that would schedule 
all routines on an interruptible basis with rateé dependent 
upon operating cdnditions. For example, engine conditions 

“ could: normally be executed very'slowly, but an interrupt 

~ caused by a chahge in power setting would cause the program -- 

* “iteration rate to be greatly increased. Although this’ type 
of executive is more sophisticated and requires more proces- 

sor time, the overall increase in program efficiency could, ~ 


theoretically justify such increases, 
Unfortunately, the nature of simulator ‘operation is : 
"geared to worst-case dynamic conditions, which tend to cecur , 
“in most aircraft systems at the -same time. - For example, 
during.a final or thissed approach, flight controls are being. 
exercised, hydraulic systems are chatging, radios -are being 
“tuned and electrical systems,are vatying.- Under .these coh--~,. . 
- ditions the usé of & powerful executive program would o ly‘ | 
_ add“ to'the worst-case computer loading. The overall efifect’ 
‘ ‘would be te save computer time during cruise conditioné - - 
’ where additional time -ig not required, and to’ waste computer ” 
time during‘critiecal maneuvers, For this. reason, the use of. 
a powerful executive to respond -.to program interrupts is not ._, 
recommended for the simulation of airtraft systems. Sg a 


ea 
. 


On the other hand,- for the time-sharing procedure of the - : P 
experimenter-stations an interruptable executivé is quite 
feasible, This would enable the executive to scan or poll 
individual.stations to see,if they are on the air of not,-and . 


JN ies oe ne ’ 7 : @ 
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; - bypase any attempt at t/o Operations’ with the stations not 
@ _ currently being utilized in experiments; The ETSS will con- 
. -tain a large number of -instruetor and experimenter terminals 
. ‘arid, theréfore, it appears désirable to interrogate these o 
terminals on an."as required" paete a 


, 
a = “4 , , * 


’ 


Hy 


“On the: basis of ‘cieee konsidevari ond: it is ‘eupanended 
that the ETSS executive program be structuted to provide for 
interruptable scanning of selected terminals ‘and/or. consoles, 


| 

; 8.4 ° MODULAR PROGRAMMING. It is  seonendel that the: facility 

° utilize modular programming in program design. This is espec- 
tally important in view of the unknown nature of experimenta- 

_tion and the need for flexibility in modification of existing 

= programs, - ‘ 


~> 
Fon. 7 


a 8.5 UTILITY PROGRAMS. Utility. - programs are routines used 
. .- , for loading, dumping, , formating, ‘converting and general 
2 Pe digital data handling. © Some utility programs for- the ETSS 
a ; will run on-line during simylation exercises; others will be’. 
available for off-line: ‘utilization, :A good set--of utility 
programs .is required with any computer” installation to facili- 
v tate communication with ‘the machine, it being particularly 
e important for the.ETSS complex. In addition to the capability 
° of manag ing all operational | simulation processes -and experi- 
ments ,* the executive (its structure ‘was ‘discussed in™8. 3) 
: . must also be capable df servicing requests for utility pro-. 
, grams, It is considered essential for the convenience of 
--. “computer utilization that utility programs be available on 
ts : call through the TTY or terminal ‘(CRT) to the operator. This 
8 _mearis that the executive program must bé designed to inter- 
- -, rupt coded inputs of the TTY and/or CRT and respond BY ‘call- 
. s at =e the appropriate utility, pEmer an, 


a. 


a . The following utility Programs are: recommended for the: 

; ETSS RORDEES: ' ; os 

“sun: 7 : 7 a; A Compiler > capable of running within the ‘delivered 

RT complex and or prodve ing. abject coder dn relocatable format. °. | 
Nes re a : 

aan a *"b,: An-Assembler Program ~ that’ yt accept inputs coded —— 

. _in a .memonic. or symbolic language ofa particular computer - 

and output object .code .in relocatable format, ,The assembler - ee 

_Must be capable of assembling iddividual program modules... ‘: : \ 


. r«) - ‘ es ‘ a om . ; ; . “se 


P . . 
* . 2 . « 4 
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when changes are made, only the affected module need be re~ @ 
assembled. The assembler should ‘algo be capable of generat- ° J 


ing a magnetic tape in Standard fdrmat, suitable for-output- 


ting through a -line printer in‘ a hard-copy program listing. 
This listing should present in parallel columns the following... ’ 


. items: .relative location of machine language instruction,;. 


symbolic language instruction,’ programmer notation and ie 
assembly~program-generated comments. The availability of an 
assembler will enable the computer user to make changes in- - 
symbolic language for routines where the use of the compiler 

may not be cervenient or desirable: -° ; - Foe 


~ 


c. A Relocatable Program.Loader - that will accept the 
relocatable, object tapes generated by the compiler or asse:h- 
bler and produce an absolute object program in core :né-nory : 
for execution by the computer: -The relocatable loader may ° ~’ 
also be capable of reloading the computer with a previously 
loaded program that has been dumped on magnetic tape, This 
loadet-will, of course, be riuch faster than the- relocatable 
loader and will ‘enable the entire computer: to be loaded in-a’ ° 7 
few seconds. i‘ ' © ee 


‘ F é . 


~ - 


d. An On-Line Debugging Program,- which can be made 2 
accessible during the simulation processing to dynamically @ 
change core, to provide snapshot dumps of core, to ‘input data -: 
to some intermediate storage device in a fully acceptable - 
data format and for other-purposes. This program could be . 
used to run in simulated ‘real time, allowing on-the-spot. : as 
examination of time-dependent parameters’ This is.especiakly - 
true for the experimenter process. , - 


” 


a * 


e. An On-Line or.Off-Ling Trace Routine - whose output | 


° 


can be retriéved on a number of peripheral devices, thus a 

permitting immediate or deferred hard-copy examination of 

results. . on 

j , ° ; A 
_ £. A Postmortem Dump and Analysis Routine ~- that returns 


a. hard-copy output. A properly formatted dump of core, ‘com= 

pressed if necessary, to predlude printing of consecutive -* . , 
locations containing identical information (e.g. ,\severdl a a 
thousand core lodéations set to zerd), This routine witl also 
provide information such as.computer status words, time 


4 


' elapsed “from some reference time to the beginning of, thé. 


execution of the dymp routine and‘ various ‘supplemental 
features, rn ae: ° canes 
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‘ . ~ -* . . 
@ g. ‘1/0 Handling Routines -- general in “their eakedp: to 
eliminate redundant programming by any" other . Programs . “5 _* 


h, A General: 1/0 and Edit Program.’~ thet cah- ‘be used 0 
; to copy tapes, list files; from ,various peripheral devices,: 
_ . update source " coding containéd'on some Storage medum, allow 
for conversion formatting and “various auxiliary ‘tasks.’ os ‘ 


“i, A Disc Management Routine - which wiil handle all 
disc functions, including. entries, updates; purges transfers} 
searches ‘and aiROeEEL One: ~ we * “ oe Ing 


x 
. . ~ 


4. Other Progranis - more or less’ dependent wpor the. 
+ computer complex selected, which might. include a digital.plot 
routine, instrumentation-oriented programs such as’ graphic: 
display, audio-visual response programs .and hatdwane: int ex- 
face programs, ‘ Bas 
- : m™; 


8.6 DLAGNOSTIC PROGRAMS, ‘Diagnostic programs are *routinés 


a that assist the computer opérator in checking the status of , , 
4 ,+ .* the computer and computer interface hardware and” isolating. 
. failure conditions, , a , 
: @: * _ The following diagnostic pegereme are ne for. 
. ‘othe ETSS computer complex: -. — f° 


. . » , 
a, An On-Line Loop-Check - of the ‘interface or linkage _ 
_ system to determine that the computer 1/0 channels and. the 
‘real-time interface converters are functioning properly. 
, Implementation Of this diagnostic-will necessitate interface 
hardware design that closes the loop by tying interface 
ao outputs: to inputs. Many ‘possibilities exist for. providing 
‘such interconnection, including’ mechanical pateh boards, 
complex switching matrices and complete duplication: all 
éhannels for test PUEPOBCES : os 
. o « % 4 
““* b, A Morning Keadiness’ Check -- > which provides. the eS 
operator with a Go/No-Go ‘simulator status ‘chéck. ‘This :pro- 


7 gram would enable the operator to check simulator hardware, 
- ‘ independent of the operartonsl program. . ‘ 
eo : ; 
a * * se 
_ “<C, Program Test and Verification - “which would énable ‘> 


“the operator to verify the performance of the operational 
-program. This feature ¢am be implemented "by recording on. 
tlagnetic tape-the program outputs and inputs fhat occur., 


\@ a 7 oe, He 
. . a * « = 


. 


a = 7 +e + : Js — ate ‘ + | : 2, : » . ‘ 
. aa ae = o ’ - ees ee, ee » - & _ = 
fe ee ooo ravrRAneyis92- 0207rL 4 : 
“a : 3 . . : € _ 3+, . . 2S . oP, ‘ * i 
ed = | a "Fe 
during an sexercise. The stiastex tape w would then be. re , ' - 


- “dar ing a diagnostic” test to wrive the operational program” ; @ 

' , with récorded' inputs :Sathe newly. gompu ea sufputs will then |. : “ 
** be compared swith the, “Previous. Values” A imate on magnetic tape ~ 

. :’ and, errors. ‘and discrepaicies willbe’ printed out on the. line-.,, 

. printer for ‘andlysis’ by the operator. * it-is envisioned.that .. . 

this program Wille utilized to “check the correct. function. eR 

<= of the operational prograt akter each complete | fhode 4.7. ee 


. ° 
* ao ® 


8 ‘ r ‘An oft-Line ‘medesdice ‘ox Linkage ‘test- -Frogram os ° 
oe “esigned to’ selectively rest: atic tnterface channels. aes 


os we, “CPU~and, Memory Area: evel plaenoceice 7 that witl = ie 

_» , facilitate’ Tocation, and correction of mal funct forte: These ne a : 
diagnostics. ate “normal ky supplied” by the wigital computer - 7% 
manufacturer de part of the: So cere ‘software Pacheess 
Bs oe, ‘2 7¢ ‘ 
ae “Peripherél: - Eguiplhent - Diagnoseicse- that will. test =. 2. 

_,-operation of ‘each £ompater = “peripheral ‘and.will notify the- ; 


-° " pperator, by tyeeusitee ‘output if* érrors @ré detected, : 


ee rs ‘ 


8, 7 PROGRAM: ‘MODIFICATION ‘AIDS. 1.The compiler ‘and asséabler £ ' 
programs previously discussed ‘will provide ,means. for modify 2 4 
" ing pperational programs, for’the ETS$ facility.‘ oe % “@ 
there aré two types of program data peculiar to ‘flight simu- ° = 
latorse“thar will require special. programs’ to ‘facilitate_ modi ae . 
‘fication -. -functionsdata ie radio aids gata, ‘~ os * ea 
Function dapss congists" of ‘the stored break- pointe valve's 
.for ali, functions of independent variables ,and Ys" continual 
ly-accessed by the linear ‘inter polation routine during. pro- . ° 
gram execution,. Radio aids data consists.of stored ‘para- < La 
meters for all ragio: facilities and is accessed with a Se 
facility selector routine during program execution.. It is oe 
of course essential that the simulator user be provided with 
a corivenignt means for updating these data ‘blocks, The,re-* + 
commerided means is by employing ™ special data packing and’ |: 
‘formatting programs commonly called. function data and radio, .. 
aids data tOmpilers,. Ini addi€jon, it 7 envisioned shat’ the 
»ETSS will require other special- purpose program modification’ fe 
aids in the areas.of pew formance evaluation, documentation 7 :% 
' _yetrieval and aut omated eeetiive. ne 4 ; jove oN 
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- “9,” " pocunters on Fagigyy 3 ee e. * ar Sg et eee, 
ad . . = eon at rs _ , = 
© a . - ‘This’ system with. provide’ ane ‘ageumentaPion’ support, : 
‘.* |  service.to the ETSS*.° “The” system will accept standard’ Seas Mee, 
sy ‘ment pages:or; with. stéght modification,” pages from: ‘the . Fe 
oe standard - ‘mictofiche negative, - By suitable operation with : 
2 ee one o: re universal terminal’, “the “Ampex Videoffle system, ; 
i ‘., Operatton may be extended’to iriclude computer-assisted: in-. . * 
_—— strhérion, photo.interpret‘ation in ttie tactical’ decision -fune- 


aa . tion and display -system: syathesis in. the . ‘sensory system 
oA function. 7° ~ - 


» 
, OF % 
” . ‘° 
Cid . 


we 
Ca , ' ig ‘ 
Yeo e a ~ 


7 ‘k documentation fact lity, ‘in’ ae deetts bé economic, should a Meet 
be -easy to. ‘use, cost less than earlier document. control, . ‘ ge ha 

"os methods, present {nformation.in ‘af eabily understood format” ; 

= _ and ‘shotfld be capable of allowing extensive expansion with- 
ae . - out. detriment'to ‘existing ‘information, Previous manual or 
eo 2 . semi-aytomati¢ methads of handling Targe ‘pools of documents 

* a have generally been costly ard inefficient, The reeently 

a 2 developed Videofile, information, - System. appears’ ‘to offer a 

._ « % » satisfactory sqlution” tb ETSS vegdirements. ae 


‘ - . 
° 
2 ~ : 


a re The Videofile eyeton eonverek. document pyiginals thee ~ 
a 6° television electronic images. ‘which, _ With suitable identifying _ 
: @ addressed, ‘are automatically filed‘on magnetic tape. -‘Any 


individual document : ‘page can be easily retrieved, examined, ° ves a ° 
purged or filed in'a new location. “A television monitor is 
used to display.the document’ page image and-the image. may be ° « 
2 & xeproduced as a Printed page on request. Since the Images 
- are in electronic form, filing, retrieval and’ sorting may, be 
per formed: Remote crow Ene. CRh aes ots 
ae oe 8 saa 
The Videofile system consists- of a series of flewdble-* 


‘and expandable modules to facilitate growths ~ ey 
° ‘ ay Ae Filing: akeeion ane . ‘ e _ _ . 
SE * ..b, Storage - cement y nd permanent . os a, ey 
. . ’ ob : Viewing. . : “ ‘ : is . x . " 38 . P - 
©. ¢ d.° Printing | o " so r : ~ 
“ «ke, Oe a ‘control. eee ase os 
aa a ‘aie aygten advies wild be: suitably inter fated tb the ETSS © . 


* , ° , centyal computer, to ehe ETSS” universal terminal and to each . fy 
1), * sother -to eee the: jain réquirementa For the ETSS- documenta- ; | 
, . | tion -system.  Figure-9° (Page 134) shows ‘the general ' aes ; 

; at men't “of the. documentation’ facility. 
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og. wae ee . "Poses, anaes eo o t 7 z “ t ; 
af 2s Vs ByriRe- 7] 7 RUTURE, 1 | + UNIVERSAL 
Meg Ce fea) SFELN INPUT || BUFFER SECTION | - | s.| TERMINAL . 
ee "- station > 7. < 2, One, JT} Ce af -8) 
= ns e 3 , | i *; . ee 7“ 
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- FILE’ INPUT 


STATION _ 


VIDEO FILE 
- ~S¥STBs 
‘ CONTROLLER . 
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, SPECIAL, INTERFACE -~ 


: I: [ ) 
: l FUTURE ok i 
BUFFER SECTION | ; 2 = 
| (INPUT) 7 gl ‘ 
ees ee a! | ols . 
t . a ‘ ZI . . 
a tom Ptr 
Sit alee as | 2 oe 
. ; : one), 
L FUTURE TAPE. -. 
oe eee ae 


- My vipgo path 0 a: 
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——_—_—— _ CONTROL PATH 
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eo, % dy ok yee * es ce yy foe, een 
“ HO ee ans a ~ 4 : bog “4S eats . 


a . “ae ee ’ ~ 


ae as Hb eee is 
ge “O47 FILE INPUT STATION.” ‘The: ‘fite ae -atation ‘witows vany, se 
. @ -»* document or thhcrofiche page. image. to. be input, to.the’ documents — ” 
e. * tation facility for ‘permanent storage,” File .input.data ig: 
a) Seanned . “bya. ‘pith resolution TV camera which converts the a 
ts : file data toa video: signal, which is-étored on Ihagnetic ~ - 
Ga Ze. “ tape by proprietary techniques ‘for subséquent retrieval and + 
ne ee viewing. File’ data input may be. specified by. absolute. a yite 
a Oe or aBpociative keywords ‘throygh an input’ keyboard: 
Te BAR alphanuierte ‘tote is available :f6r verification off input : 
. ane address’ data. The atatden should’ ‘also haye the. ability £0. 


y ie 7 ~ display’ ‘dither’. the document being copied’or selected. filed - a: 
arte —s ' Images, ~ Filing” ‘speeds should: be. of the, order . of one page * ag. 
Tae a ca severy’ ‘ten seconds. 3 — “, oe 


ry * oa é 
eo Seu. a ‘ wee 5k iw wos 
% ee, 


ed hae ok 9,2: “pyieFieR ‘SECTION (INPUT). The input bufter section: is a 


Gowers --s temporary storage device to ‘collect’ document images: at the § 
. -., ‘opérator's Pace, and- place them oh the master ‘tape. storage ra, ; 
; "2" units independent of: ‘operator action. This reduces the * *° re 


oe number of Syarch accesses needed to record a complete . doct- “-. ,. 4 
“7 ment, It is anticipated ‘that the average’ document, | ‘filed will. "> 


ie “be less thah 50 pages, * The’ buffer section tan be « Expanded ae re ¢ 
ae - *& .to: ‘meet the: demand: ae ee eS * : eT, “ 
e~. a 9, 30 TAPE: UNIT: . the tape: unié ie ‘the master stpbeue “ for a ee Ss 
“= ‘document Pages; each unit will allow, aboit 167,000 pages’ to-., aa 3 
to \ be stored on‘a reél of 2 inch wide ‘magnetic tape,. For'ease, ed 
aed ‘in editing tapes,,. tus tape transports. are “requ ited : - (1) - 4 


oo : ‘Both-can carry the same information and muttipl x its use - 
a ee according to’ retrieval requests ;..or..(2) eachican ‘carry dif-* 
grease infornation, 1 thus os the eer ‘file capacity. ~ 
; teenie of the master file ‘éan be bebfortied either by: 
_ increasing the number of tape “transports and, obtaining bane 
= “access times- for a particular document page, or by.' forming - aa 
* , @ ilbrary of tape reéls and ‘suffering the penalty of slow « 
- . access eye ue to. human intervent for,” ~ ed ea to 
an 9.4 “BUFFER SECTION (ourevty.. The outptit bubfer. seceon ‘is. re ee 
“used asa storage device to hold a number of selected images . 
for output either to the universal ‘terminais ‘or -ta the -file ~ ¢ 
. + Gnput station. The number | of video. images in ‘the, output’ ne an 
; >” buffer. section is depéndent upon the manner: ‘Of ,use - of the . ee 
» 'S." "universal terminals by ETSS personnel,‘ A minimym of eight. ae 
es . tracks is required (ore for each universal: terminal); ‘fot ee 
: athe CAL role. pHeect ene, subject is stepping.. (or- browsing) , 20) 
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wo Q ‘through a‘text;. more’ “image tracks are & requir «A finioum : 


i, 0 tt + @£f '50- image tracks: is specified for this unft,.. Output is to ow @. 
- fo es the: ‘specia) ingertace, whieh includes. a video y switching seh 2 
re oe ere. ; ee 2s ; a 
NS or ot ‘ . a 

ee Se 197 5 ‘vibeortiz SYSTEM CONTROLLER, The Videofile Control: . | 

ar ree Unit ‘directs‘the interaction, of foruer system modules ina, . | + 
a - f°; .predeterminéd manner. ~ The controller receives address and 

4, - "y+, function data from E Poth the. file input station and the ETSS 

ne eee centr@l: computer,” : 2 . ae 
a te. “9, 6 PRICE ‘SCHEDULE. FO E SYSTEM, Prices. currently. quoted : 

: troy for’ the basic Vigeofile ea recommended, Foe che ETSS are: wy 

BN “4, < aan re 2 -* 
ee eee ‘l= Filing Station’ . $40, 000 _ 

oe A>; I:- Input Buffer Section. ~ 4 | ,38,000 =" 
" os. "1+ 6:2. >. Master Tape File (@ $40,000) 80,000: - - . 

ae ee set 1 - Videofile. stem ‘Controller \_ 000. iy 

‘ ‘ = .ele Interface oe to. Systeni ‘ es he, 
7 ro *. . " Controt¥er, - —* 30,000 IS 
_ ‘ be ia 1 6, Interface to Universal Terminals 20.000 _ oe 

weg ie ge total Gonfiguration Cost $320,000 - e 


This Gas’ system has a. filing capaniey: of about 334 000 

; documerit | pages, Te achieve an operative system it is nec- 
9 essary to. inc Lude’ the price of universal : ‘terminals, These ° 
a a terminals’ allow the: user to -display or copy any page. df any” 
‘document filed in fhe documentat fon. retrieval system, < 


y "’ wf vy 


. A separate’ stand- /alone filing’ ‘system with equivalent = 
oe f : . ** Capacity ‘withqut: in terface with the ETSS computer: ‘complex 
ee - would be priced as ‘follows : | oo a ae : in ig ™ Be, 
: r. ~ ie 4 - . Filing: ‘Section - 4. oe $40,000: . : 
Pee af “1 - Input Buffer * | ° .. 38,000, 4 5 
2 wo.) 407 Master Tape-File (@ "$40, 000)" 80,000 3 _ 
> € ‘1+ System Controller.‘ oe. 112,000’ : 
: ‘ 1s Printer, = eee a c ~26..000: oe a ey 
a eae oe : Jotal ‘Price for: Stand: “Alone Systen , > $326, 000. a? 
: : ; ae = 
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@ (10. UNIVERSAL TERMINAL . ae = 7 
.. The ehece cal terminal allows ome prerre Pbeceen the a 
ae central computer complex: and an operator. Communication ‘with ee 
i the céntral computer complex may result in.rerouting of in--, - 
formation to eithér the Ampex Vidéofile system, another =| °°. = 
ae “universal. termina! ct a display of experimental data. On. . a 
A ° demand, an. operator y obtain a hard-copy print of data: : 
«displayed on’.either of the two display Systems, ‘The univer- — 
‘40s 1 -Lermirial will, find applications in 411. functions of the -. | 
oO ETSS. A description of the terminal may be/found\in Appendix - <«" 
M.~: To-compiete information about the términal, the history § —\ 
and pricing of the major Roemon anes is pet below, © . . _ 
_ Prices are given. for a system ecun caine eight cntversa® a 
terminals, since the terminals share a- common alphanumeric » a a ee 
° display. Bemerece aa = ; ; a 
fe are ALPHANUMERIC DISPLAY GENERATION SYSTEM. - = a i 
=. NE . 1™= Data Disc 6600 Display Controlier’ ~ $30,000 : - 4 
1.+ Computer Interface and Matrix ~ “ 4,500 ° a 
ee I +;Keyboard Multiplexer ,4 6,375 
@ 8 - Color Channels @.$4500. . =. + 36,000... 
‘ , - 8 - Color Monitors @ $2500 “ot 2. 90,000 Me, 
ys 8 Control Keyboards’ @ ya . + & 76Q0,. ¢ “=; 
— total Subsystem Cost. for Eight Terminals. $101, 475 oe ies 
: a _Total Subsystem Cost per: Texminal — — -$ «12,684 
; b, WARD COPY SUBSYSTEM,. == : ; tye a 
Qt oe ee Electrostatic printer ith a eee : : ; 
ee a tion of 80 raster elements per. inch +$15,000 2 1: * 
; oo 1” ~ Dynamic Memory for Printer  y . : $5;000 : , = ~ a 
e . : ~s Subsystem. Cost persTerth nal ~*~ * i $20,000 | 
a ree Subsystem. Cost per ‘Eight Terminals + $160;000 ~ 
i) - . ie os i 6 
a om - eo ree 
c= . ots HIGH Sertirrtow DISPLAY. ee eos SZ area Oe 
Sa S . &- * Blade & White TV menitor’s, for use. = oe - = 3 
“8 5 + Swith” the document ae chat ae ee 


7 a ¢ $5000. oe “$40; 00: as 
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\ dixeuces, jigs and experimental ‘apparatus, .and modification 
of “existing equipment, 


plastics and wood materials, but should exclude such. ser- 

‘vices as forging, casting and machining Of large components. 
It.is not anticipated that.a productién - 
requited and production equipment need ndt be specified (for 
‘example, capstan or turret lathes, gang anit "presses, etc.). 
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The ETSS Model Shop sister as a support ale 
ft will facilitate design and fabrication of special 


The Model . Shop should be arranged inte “three individual- 
aed “partitioned, areas, which yould peeve 


ie 
aeee 


\ 


‘ Material ‘and: tool storage 


| 


ae 


’ The equipment complement should be 
comprehensive enough to- "allow ‘fabrication from, metals, 


Machine floor Space © 
: Wersing and hand fabrication workspace. 


‘ both metal,and plastic. 


| Weasurement and marking ott. . 


oF 


-, 


L “AND TOOL "STORAGE, 7 
: storage area’ should contain moderate supplies of wood, fibre 
board, sheet plastic, sheet metal,. rod, tubing .and strip in 
‘Sufficient tools shouldbe stored. 
to keep'all machines in operating state, and'to allow for a 
moderate amount .of tool bredkage-and normal. wear, 
. in‘the tool inventory should be ene for accurate ' 


aa 


s) ¢ 


The material and tool . 


apability will be 


ae 


aT ees py. 7 . 
eat ‘ ; ae . 
: NAVIRADEVCEN 69*C-0207-1 - 
* ee. : Re | ad 
" d, INTER; SYSTEM dNreREACING, = i ae 
‘ Non-recurring Cost” : ~ $10,000 .-. 
a Recurring Cost, 8 units BG $2, 000 - $16,000 
% ynen . a w . we , ; , 
-2, . CABINET, a? 2 . a eg ™ 
8 - Erie Loades” to contain’ all above 
, items, @ §2, 000 $16,000 
-£. TOTAB SYSTEM cOsT’ Oe es $363,475. 
g.. TOTAL SYSTEM COST PER TERMINAL. $62,934 
a 7 Ls : ihe 
11. NODEL SHOP FUNCTION a 


Included 


~ 


s 


+ . ~ 
: ~ - 


_ NAVIRADEVCEN 69-c-0207-1 =~ - 


_ 9 
4, % . 


=e ; Ge “os 


11.2 -MACHINE\FLOOR SPACE. “Machine floor space should be 
& : - reserved for special machinery uded in fabrication of ‘special. 
, “ components: © Special. consideration should be’ given ‘to os m 

acoustic damping and’ machine accessibility, It is recommen- 


ded that the following equipment’ be available to the ETSS a . 
4 stati, . * * ee oe eee oo a é 
7 - ‘a, Radiat drill press eo oe 
Y _' b. "Drop bed: screw cutting lathe with tailstock “age 
_ = “ . ©. Vertical milling machine | ee’ See” Oi 
) in - @.- Surface grinder a. Foo. & 8, ~ Se era 2: 
, : e, Rotary grinder (fot centerless) 2 ; 
2 f. High-precision ‘jig borer a " - a # 
8. Power hacksaw: ~*~. ge ee % * sha 
h. Assorted hand power tools. 
a . All-of the. above should be supported by accessories suchas - 


vises, indexing ‘tables, étc; to dllow maximum flexibility. . 


- \°, 11,3. WELDING AND HAND’ FABRICATION WORKSPACE. The welding 
". and hand fabrigation workspace will allow small 


¢ components __—. - 
. .. to be fabricated by hand in.either-metal, plastic, or wood = Fs 
.- materials.‘ The area ‘should be equipped. with benches and - . 


Pe ‘suitable hand “tools; it is recommended that ‘the following — 
@ ... equipment, be ‘included ;:. SNe Rae the ‘ 


7 * 7 on . ; . 


. a Portable. oxy-agetylene welding system - 
'b. Power guillotine - - an ie ef ea : 

¢. Folding and bendirig. machine, -. : ~t ae 

_ od 
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: Hammers,-files, chisels, ‘hand drills, etc.. ; Nase i eS 

‘ 7 . of - . 4 ea . - : : ae of — of | 

"+ * > 12... IMPLEMENTATION PLAN FO . | 
' rier, -**) + Sinee the purpose of this study is to recommend system : 


ae elements for pfs, ei ey for the period ai ~ 
“ , . 1971. through 1975, an implementation plan is presented. that - - 
~ will permit’a -lagical buildup of quipment and pergonnel to 4°° 
"meet ‘the needs of future: experimental ‘work. The’ itiplementa~: See x 
* ,€ion schedule permits a -sequeritial’ buitdup as’ required by re eg 

ae future trends and -represents an. average or expected trend , - 
‘ Which in no way limits expansion as required,” 7 yt 5. 8 


~ ‘ 
. 


a = The- actual plan preserited was déveloped’ under the“assump~” ~ 
. . tion that-the time frame involved -is the 5-year period giyen © _ 

* ‘sabove, and that the amount of money expended each fiscal year. 
ee whl be approximately the same _ Though thev ETSS§ is discussed .- 
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— NAVERADEVCEN 69-C- -0207- i 
in'terms of a separate building,- this -is not to bé construed - 
as a prerequisite since the ETSS may. be ‘housed ‘in, existing 
er Training Device Center areas, if necessary, The plan 

s illustrated in Table, ll. (Page* 141) and Figures: 10,.11, 


. 


System will be-procured in increments rather than as a unit. 


.,°, AS-a result,’ manning estimatés for the tctsl system are dis-. 
cussed only with respect.:to’ the types of skills and’ respon- 


, : * procecdt ngs.. E “ + oo ° ~ ° ‘ .” ’ oe 


_ 


: papecteliy=qualttted personnel categories will be required: 


- reception ‘duties; keeps supervisor's calendar; receives. mail 


_ sibility required by ‘the system -dnd- by its’ associated com- _ 


ponents and fanctions,- rather than a& absolute numbers of . 

personnel, Further,- it. is assumed that’ personnel within the. 

Humart. Factors Laboratary are capable of performing many of = 
_ the funétions peo ese by the ate on a part-time basis. 
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- AS more. and ‘more of the —_— ‘is procured and as it becomes 
more. involved in experimentation, the following additional,. 


a -ETSS Chief of Srevetions = Plans, directs, coordi- 
nates and ‘evaluates the-activities of the facility; defines. 
_ priorities: and boundaries ‘of projects; formulates, develops 
‘and interprets the policies, purposes and ‘goals of the 


2, 13‘and 14 (Pages 142: 151), * . 
13, MANNING : . | 
moe It is axdected that the Eopeviucneat Training Simulation 


scott rey. He is the administrative ‘and technical head of ‘the | 


facility and is yésponsible for completing ‘the- facility’ 8 
mission, and is eusyonese te: for making final, decisions REBaEOn : 
-ing operations. eo : m4 


\ 


b. "Secretary ‘(hiet of Operations) “ Telephone: ‘and. 


and prepares replies; maintains records and files and per = 
‘forms stehographic and typing ‘services; performs miscellane- 
_ ous duties’ relatéd “to mahagement._ of the of fate.” ae : 


a Fon 


cc Liaigon Engineer ---Acts as atetcon between. the chief.” 
.. Of operations’ and subordinate? 2 ang arranges for tonferenée a 


£ vs 
’ - 


* 
a8 
a3 


a d. chier of: Prgjéet igieeesing: . nde - 
planning, dimecting, -oordinating and. as ae 
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Figure 11 
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; nae ¢ Ce ae os ~ + ao Ar oa : : ae 
a and expbutinental research functions of the facility; aide. in 
+ ; ‘the.development of new procedures ani evaluation of programs . 
on ee _ and equipment; provides guidance and Wirection to ETSS per-. - 
: sonnel, and is capable BS Perr ouming: work on the. apgcial a 
ayer peciphere! terminals, . - 
or ee "Secretary (Chiet of Project Engineering) *- “General 
ce secretarial duties. ( es : oe 


1 Mts ‘ AN 
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my . £. Clerical Filing Clerk. - ences oparationat’ “ates | 


: ca associated with ‘ the documentation centers; stores-and © 

— . £etrie ape’ ‘files; catalogs tape. files; conducts program’ 
‘for a€quisition of reference material and scientific and. 

technical publications in relevant ‘fields; uses ‘the spécial 

peripheral: terminal tor. commuiication with the Central cial 

as Complex. es i ‘ 
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Me hs ‘ Computer Prograusier. arid Peveunche paeeatue = Maintains 


s&s the facility’ & software -dysten; responsible for the executive: © 


system as well as operating” programs; responsible for writing: 
new: programs; responsible for keypunching and verification of 
computer cards using related. equipment:; “and” uses the variops 


"ss COMmESeGe Te devices. to the SOmPUERE 2 ’ ' 
: ~ ee : h.,, Computer. and Syateus Operator a Provides ageiétance 
a to the computer” programmer ; responsible for- operation ‘of .. 4 
oe ee computer equipment, | peripheral equipment, development. termi- 


were nals and communication equipment ; résponsible. for Equipment 
/; #_and supplies ‘for the- complex; provides. equipment checkout and 


af m assists ‘in debugging ; operates computer’ and peripheral equip- ta 


“ment located. oo the c6C; uses ‘the special ‘peripheral 
hs ay _tegminal. aa an y wae. 
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an audio-visual. equipment including graphic, -anitation; TV sae 
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"pests. of equipment provides: éonsuitation ‘services to Cities 


facijity. ao iby > . et 


: ie, sce ae ae cs : a 7‘ a7 a ye 


: iia Technician = Aide in prefabrication of 


et, 


‘; @lements im Model- > Shop; j orovides consultation services to* 


Nee 5 e. OR bas 
at “ Mechatiical Maintendnge Engineer | - . Provides -gehezal « 
‘mee maintenance, nae facility. ~ ae : 
le ° Oo: Computer’ Maintehance Enginéer* = esponsibie | a 


_ facility; participates in- meintenance of hardware systems; . : 
- and uses fpetial curt terminal: . ° 
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SI 


a “Electrical Maintenance. Engineer |= Poslans general. 
= pieces teal maintenahce: services to the facility. 


general mainténance-of computér couples: ‘vidéo file ahd..." 


agsociated Sigital . equipment. of. the. facility: 2 
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= A preliminary investigation of edisising: Yequirements ° ee 
“the ETSS facility indicated .a,need, for, a configuration that: | 
would permit“ housing: the complete ‘system, A design concept | 
. Was developed \to, permit’ integration. of system’ features. and. 
their relative support areas within a single building. - It. 
was recognized at “the same time, that the facility might be 
-procured | in, modules over an extended. period of time. As a 
tesult, the building” consists of. modules ehae :might. be Pro: 
p cues? in buch a:manner.,. \ 
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14, 1: SYSTEM" ELEMENTS AND ASSOCIATED EQUIPMENT. "An evans 
“ation was made of thé;various system eleifents and their 

associated’ equipment to arrive: at: a, preliminary’ estimate of 
. floor apace: a, 2: 


46.1.1 iociasseeeind Gonees. 
~ houses the following equipment: -1) two file sections, 2)”- 


four buffer. ‘sections, 3) ten tape sections,,°4) one ¢ontral. . 
section, 5) one” ‘or ‘two spécial peripheral terminalé and - 6) + - 
a'tape storage cabinet, 
“equipment are ancillary : ‘items such as desks, chairs, coat’ 
racks and other atandard furniture. . Allowing for _maxinae 
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The documentation center-will | 


“Aiso’ réquired in support of this as 
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Pe “Technical Editor-Typist - ' Self- explanatory. vas * 4 
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| | LNAVERADEVCEN 69-C-0207- t eee ne: 
" ieapabditty, the. floor! s space’ ‘and eg: Sacra for: the 2 (a 
‘documentation ’ facility | is: — é 
, ey  Recoumanded Area's 750 square’ feet 
. fs, a : Recomended oe = 7500" iibic, feet 
ve v8 ‘ ie “% 2 + 
an "1.2 comuter ‘Complex. The computer’  eompilex aill-contain 
‘a miltiple-CPU capability, linkage equipment, one tape. con- 
, troller, two tape. drives, one PDP-9,_ mass storage device, or 
‘T/0 processor, disc, controller; four ‘téletypewriters: and...” 
a special peripheral terminal. - This equipment: plus‘the - 
ail ation of personnel’ ‘xréquire’s the following ,floor- space «~*~ - 
‘  -and volume (the flumbers- “are ‘derived from ‘Table 12 iar Pe, 


aa - 


iseuiended Aréa ‘= 1350 square apeat. 
. Recoumended - Voluine’ = 13500. CUpee feet P 
14. 1. 3 Model ‘Shop. The. ide. shop widl have Gans “soy 
prefabrication of hardware. associated with a -parttcular .. 
experiment. The hardware designated for this - task will be 
‘commercially available electromechanical equipment, inc lud- _ 
‘ ing drill ‘press, lathe, band saw, milling machine.’ ‘and an © ~ 
_ assortment. of small poe tools” eo ee = 3 
Recommended “Area - -Gnclud. storage grea) = 1500 square feet 
Recomended Volume‘ (inelud. fia area). = 15000. cubic: te. . 


' $4,156 Training Aids nesearch, The gina aids research | 


area will: employ a variety Gf equipment and configurations; 

the’ type-of ‘experimentation wiil determine specific hardware , 
characteistics. The functions of this area will relate 
primarily to audio-visual and computer-aided” iastructional ‘ 
~programs.~ The section will also have classroom-type capa-. 

_ bility and a comminication link via the onmer peripheral : 

* terminal : ? ; wip ; 


‘ : rs * - _ 
* oe * re ¥ 


- Seecumended Area. =, 1075 square feet: | 
: Recommended - Volume = 10750 cubic fegt. a 


14:1.5 Tactics. ‘Sensor’. an nd ‘System: pesearehs This. area: will 
bé dble to be. xeadily integrated with. the vehicle simi lator. 
Experimentation on radar, sonar and navigation systems will ~ 
"alse be conducted . * The ‘section. will contain a special. 

. petipheral, ‘terminal and equipment: “and. ‘simulation ‘devices , 
needed for” Eserteahs, sensor and system peneenche ie 


- Recoimended Area. =-1500 aquare feet . 
qa ecomenae: ee - ee cabic feet .“ 
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‘14, 1. 6 Exp imenta The experimental desiza 


sections primary fonction will be orientation, design, -- 
guidance ‘and dissemination of experiments to be performed. 
, Three Onetce areas are allocated for this function: a 

_ Recommended. Area = 468 square feet 
yf Recommended’ ‘Volume = 4678 cubic feet 
14.1.7° ye bicle- Simslator. The motion system with cab eal 
. visual ‘system.calls for an operational envelope 40 feet in. 
. dlameter: and 30 feet high. Using the operational envelope . 
“asa basis for estimation, the following recommendations are. 
made; = 


- 
o 


‘Recommended Area = 2500 square feet 
(Recomended Volume = 75000 ‘cubic feet - 


* 


14.2 SUPPORT ELEMENTS AND- EQUIPMENT. To support che vari- 
ous experimental areas, research sections and environmental 
status of. thé building module, the additional facilities . 

' discussed herein’ are. recommended . 


1, 2.1. “Office er ‘ Four modular: offices are needéd for 
: " managing personel and support pergonnel. Commercially 
available equipment” will be used: : , 


‘Recommended Area = 625 square feet 

eecepences Volume = 6250 cubic kent 
14, 2, ‘2° ; e as. “Service areas, will contaix comer- 
etally available lavatory equipment, four of vntch will be 
used in the facility: . 


roe a Recommended Area = 988 square feet - te 
: . Re¢oumended Volume = 9887 cubic feet 


r 


-s - 14;52,3 simylator Se rvice ives. ‘The simulator service area 
, “will contain the Hydraulic pumps and other, agsociated: 
hardware 
¢ 4% , -os | mo OM, ‘ 
, Récommended Area = 950 square feet _. 
S eke Recommended Volume = 9500 cubic feet) sg. — 
f = 14.2.4 Mechanical Section, . The mechanical ‘section will 
- house ail motors, BEPEEatOrs, sai and eet ne 


equipments . ; naa 
., s : 7 —- 474, kk 2 2 , 
ENC: . 8 2K 16. ee 


te 
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"Recommended Area = - 1200 sides bce : . 
.* Recommended Volume = 12000 ctibic feet 4 


14.2.5 Lecture and ‘Conference ‘Room. ‘ This section will 


( 


contain the equipment necessary to carry on classroom-type . 


jectures and conferences; it is recommended that it als0 


have a full A-Vv capability: : a 


Recommended Area ‘= » 443 site : 
Recommended Volume = 4437 cubic feet 


14.2.6 Storage Are as. Normal storage rooms are recommended:. 
| ; Recommended Area = 462 square feet ; 7 
- ~ Recommended Volume * 4625 cubic feet an 
“1h. ae7 Freight Elevator. One freight elevator with eapesig 


no less than 4000 pounds is ‘recommended’ to provide service - 
to the facility: ~ =. , # 
7 “Recommended Area = 100 square feet.” 


” ty . 
e i . ” ae 
s - 
* 2 - ~ - rm 


14.2.8 Television Production n Laboratory. To peevice: an 
fn-house capability for television production of .lectures, 


‘ experiments, etc., a TY laboratory is recommended. Equipment 


* cohtained in-the room will silat lighting, aaa earece ’ 
tnd recording equipuent : Ae Z 


¢ 


“Recomended Axes = 218 square ‘feet ; See 
‘— Recommended Volume = 187, cubic feet a 


14.3 _LOGISTIC REQUIREMENTS. To provide - -for transportation ' 
of elements, maintenance and- capabiliny' among system features, ; 


“ 


the areas designated “for bhe various research sections mst 


be-designed to minimize logistical problems. After inspec- 


Riseee of.the various system élements and. their relationships, 


“ 
oh, 
o.-. 


: Lt was: determined that. the petimin sou eeet ton: would be. a 
three-story facility. . 


. 


The recoener dda ‘space’ etune —_ is given “in ravig 13 


" (Page 158). It takes san! account. the. ‘probleme: of logistigs - ‘ 


aad system | tategration. . aoe on. & : err 


wy -NAVTRADEVCEN. 69*€-0207-1 : 


_, ‘TABLE 13. RECOMMENDED FLOOR PLANS | 


First. Floor Area and Volume’ : a es 
ae ee te 5) Simlator Operations Area 2,500 ' 75,000 rs 


i. “ .1 (1) Sensor, Systen, Tactics, Research 1,500. + 15,000 - 

: | (1) Simulator Service Area; ~ - 950 94500 | 

= % (1) Mechanical Section ae , 1,200- « 12,000 
— (1) Model Shop (incl. storage) 1,500 * 15,000 oe 
+ (2) Service ae Te, 525 5,250 : 

(4) Office Areas _ 625 ‘ 6.250 
TOTAL USABLE ‘AREA AND VOLUME : 8,800 “ 138,000 ; 
. 4% 


TOTAL FIRST FLOOR AREA - ' 10,000 sq. ft, 


Second Floor Area aia tag P 

(1) Training Aide Research : 1,075. ‘ 10,750 
(1) TV Production Area . 218 2,187, 
(1). Documentatior Center ; °750 . 7,500 
(lL) Photo and Opticg.Lab - 2° 218 2,187 : 
(3) Office‘Areag ° ' 468 . 4,687 
(1) Lecture and ponrercuee -Room " 443°, 4,437 : : 
-(2} Service Areas _.. — > 393 3,937 = 
(1) Storage ee a .  . 400 4,000- a 
(1), Experimen s Area . .' 400. 4,600— 
(1) Computer Complex — - 1,350 - 13,500 

' TOTAL.USABLE AREA AND VOLUME ". 5,218 . 57,187: 


eeeeee SECOND FLOOR. AREA 7 ad ris ft. - 


oJ 


Third Floor Area and -Volume' . 
~~ 4 Simlator epere ee Area . (iricluded ‘in Firet 
é, ae ce oo. e "| {Floor estimate) oe ks 


ae TOTALS : Total Ueable Area ='14,518 - square feet: . 
Total. Beit dies FOLuRe = 225,000 ala feet 


st 0 
> 

Pac “~ 
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we * ¢ ? . : re 
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14.4 ARCHITECTURAL REQUIREMENTS. - ‘The architectural re-° 


quirements will be standard requirements for similar facili- — 


ties consistent with manning and Squipmeng, Fccommented by - 


- anne: study, | _— Aes ae 


A a 
Po. 7 


14. 4.1 .Roo m Size. Room sizes for ‘the system elements ‘and, 


their support functions depend principally qn the pe 
and equipment associated within each. room, ‘All designate 


o 


. nel. 


areag are cehter-to-center, based on- single: ‘Line, drawings, 
The rodms are completely enclosed with flopr-to-ceiling’ , 
partitions and doors that facilitate freedom of movement, 


use. of portable equipment and accommodation’ ‘of personnel, ° sr 
Walls, floor and ceilings are to be equipped with sound- . ~¢ 


absorbing material“ to ‘minimize | distraction for those ose aoe! 


. involved in ia 


oe te 


° 14.4.2 Hallways. Main hallways will: tbe at least: ‘6 feet 


wide; hallways within research areas will be a minimum.of . 
4 feet wide, to facijitate movement of steere and .peveén~ 


fs 
| ° Pa 


4. 4.3  Doorwasys. -Standard ‘doors are at least’ ‘4 feet wide < ; 


to allow for movement of equipment and- furniture in and out - 
of rooms. Doors’are allocated to. ensure pasy access to, areas 
within the complex. — 4 


7 


. 14.4, 4 walls. Standard walls are assutied except in areas 


where. special precdutions are; exercised to ensure reduction: 
in itolse levels, 


14.4.5. ‘Ceiling, ‘A hentia clear. eine Height of 120 . 

inches is recommended in, work areas other-than the sim- ~ 
lator. operations room, where a,30 foat ceiling is necessary. 
These estimates include proper height for plectroats, instal~- 


% 
, 


, lations, lighting and sheating ducts. — ., ‘ 


Us 5 STRUCTURAL RaQuindieenrs, 


i, 5.1 ‘Flooring, Heayy + cctipbent sigh: as mechanical pumps’ 


 and‘heating elements will bé located on the first-floor, © 
' False flooring is recopmended where cabling * is required as 


oa the a an ot 3 . 
. - ie A 


~ 


“ak 


> 


fe 
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ee 14.5%. 2° ae ce - An overhead hoist. located ‘Liv the + 


_ simulator operations area is recommended. ‘It should ‘have. a 
the capacity of supporting and hoisting. siiulator elements 
' such’as the cab, visual system comnene ont: and. ather hard- 


. wate, aa ee ag i we ; 
oe er foe ee ee “eg . (= 
Teg My 6 ‘MECHANICAL iequanatiis, a ene ee = 
» le: 61 Cooling Air, -Gooling’air will be’ povided. ae 
“equipment coaling and personnei comfort. ‘The system- °°: - ie 
.Fepomnended includes the following:: |. , : 


toy 


ro oy 


_ ' a. “Computer Room - ‘High and low temperature atarms 
:' are recombended to. provide a safety limit subject to 
specific, equipment heeds, ; = 


o . 


oe "b. Work Areas -~ mepebacare, controls to, ensure ae. 


“: 4 


a environmental conditions, -; < ae a: 


ae 1 "ies Documentation.center’ =. -Contral of. temperature 
to “ensure equtpient, epenatronal safety limite. ‘ ee 


~~ 


= ea * - e = 


- 
~ 


st ? — d. ei vertuantes Station - Temperatute ‘control re 


ensure proper vee sof safety for equipmertt. ee 


a ° ‘ . ve 
> i - ae 


ee) aces ae: Optics Lab - Tetiperature control te 
‘ensure ‘operational status. soa 8 


. 
> - 
. ' x 
Po « 


f." TY, Production Lab ¢~. bpetmin cooling with. ten~ . 
‘péxatire control, - > ,t e 


“ 


. ie Ub. 6, 2 ‘Fire panies ton and’ easieaete, A fire’ Svenaing a 


system is recommended, ‘each room and hallway having’ am... 
_- alarm connected to a master alarm panel. . Each room wild. m7 

be equipped with an sesh Eheud Shes for fighting bee do me 
: eee : “ 


s 


« 
* e “ 


“a 14 6, 3, eiceats a, One “freight elevator is recomnended-“ 
+3 for the facility; ir should be at least & feet square, and: 


shave a eappesey not less than 4000- spoungs a ae ee 


e 
- La ary 


— - 14, 6. 4? Sayardeics. ee ee are designate’ iii four - . 
: ‘service © ‘areae, which should be adequate’ for the facility. o 


~i 7 
, 2426.5 Filtering, Nori, ai filtering pechntques are. m 
" Feeéamerided, a s if tae ~~ 
: A * . : ne 2 ae fF ; a nn = 
_ wee, Aa a %. Be & 
‘ : é a . : 160°" i 4. 
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16, 6. "6. “ Inter-pactlity ae oh avert 
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a“ oe s ee t*e Ps “tow? 
ae ‘ es ee om ma 
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able kelephore and pabeie address systerp * ‘are. recomended, 


a . a 


. n 4? 
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1d, 2 -ELECTRICAL REQUIREMENTS. _ .~s = me ear ars 
5 ? . ea ame — ot 

14.7. 1 Power Supply,’ ~The. facility Bower heeds. will. be. 

_ based on equipment consumption rates, Standard, commércisl » 

-* power’, 126° 208 , “volts + 10%, 60 - “Hz + 5% is recommended’, are 

14.7.2 Li ighting. Cénmercialy avatlable overhead tight _ 

ing with: dimming gontrol ig recombénded- for research areas. 

- Other aneas. will be suppates : with standard lighting’ and. 


control,’ ; Be ee, dee i eS . 
ua. 7.3. ies oie fconventence oucldes’ are a lage 7 


recommended:‘for. each room with the riumber of outlets: ‘to. 


be compatible with the xespective Toom activity. _ sR, 


« 


214.T. 4: Grounding. “Grounding will be normal excep where 
specified by: oe adil needs Or manufacturer! 8 _spécifica- ; 


tions... Pe ie “~— 
1. “MANAGEMENT APPROACH a ae e, 
oa ‘No matter how efficient the design and implementation . 


of the ETSS or how high the competence of its technical - 

. pérsonnel, if the facility is not. used. properly . e objec 
tives will not’be fulfilled. This study was ‘not, aimed at 
developing a management “approach for the ETSS, but it was’ 
elt that some mention should be made of" this* jeer 
-abpect oF the ETSS: wed ites ten plan. = 


is ? 


ne of the areas most seeen djatiockea- in facility - 


> planning is commmications. Each member of the ETSS, -. on 


particularly the human factors psychologists ,: thould be. kept Ns 


_ aware of the results and implications of. each” experiment... a 


“This can be accomplished, ‘by using the Videofite Wocymens * ‘ 


_ tation eyaren = eid 


Another. area that-‘should be: tae concern "in Erés sod 
ning ig that of management ‘authority.._ During exper ‘ ; 
tation, the experimenter, i.e., the human factors psy bole a 
gists ‘must have complete managerial control Over all inteér- 
Pactns: systems of the bes tye, ‘\ . oes oe 
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ot °F. ny] 7 - ‘ a yf Pee ee 4 7° 
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eer ee Since: the midatitg 3 pedi andi éiperigenta cat bec ne @ 
ge eas a3 serious, burden: to the, people inyolved if a system: such” as a ae 
ae - the, ETSS, ‘atid sincé: the very Mature of some,of the expert-’.,  . e 
ee “a _ merits ee B25, ;adaptive. training)¥ does" not permit. rigid sched=--_ - at 44 
eS _wlitg;. an ‘automated, ‘flexible syStem. that ‘would enable. rapid » ‘woe ok 
a “ Teschedulings, ds highly recommended for . the: ETSS' facility. oat ao ood 


os, 


“vee. “sihneiza, DESIR aN ‘nerkinaieariih ie y ~ ge a 
‘7 = \y Mee” S : , a - is 7 ; F . a 


a Nee wees eee 2 oe if 
ey pom fie The: Mork. performed’ by. phe: Erés weil be ‘atverned by: a ee SOE 
eg, Pe @ requests *£6r “research in training approaches" received by -- -“ °. 'f 
ees thé Human Factors Laboratory (HFL) from the Naval“fraining . <~ 5: 


we, ' an’ BE, a % 
~ 
2 


vows +, Dévive- Center; ~and will be further’ influenced: by® reguits of * 2 tS , Ae 
pelts ” SBedious in-house res@arch: and ‘HFE-needs= ” Efficient :use of 3 
~ "the BTSs will rely, to a ‘Large: ‘extent on: ‘anooth , eched@iing Of . 
4 | in-houe or ‘ subedatracted sorry teiee . ie co. ae rs 


+ Foe 
et  & i mare Ac ay 


s ots oP aie ‘ e@ 


Ney 


ae tA requést for pipediineatat’ ‘data will. generally result , see 
ar “ im.a. meeting between the ETSS” director ‘and TETSS psychologists, a4 
x a8 ey videofile search will be made -to ‘determine if previous’ data .. =~ 
al — “itiformation which could satisfy ° ‘the’ réquirement éxists, Tae 
ccprding to the workiobd of project psychologists, the a oF et 
- ear ee may aggéign oné responsibility. for proyiding the ~. ye . 
“desired: information. “Generally; this eseiganete will result, yee gee 

, aS perspeniadcl. of “an: experiment‘. ; - a ae 


4 


¥ 


nm. 


. « aa “ ee: ay 
. * . om a‘ %, 
. a « e S 
fo. ’ 5 E>) ae ae %.7 ‘ $. 
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-.. The project psychologist ‘will aneynet the ‘training ¥ ; ge al 
requirements. and determine which: services, 6f£. the ETSS are... “‘.. am 
: required, A PERT chart would then be prepared, illustrating: »  - .* | 
me all’ services required.to bring tke components of the. experi-. fo a 
ee ment together .* % The services FRae, may” ‘be- considéred ‘are: eo % a 


*; YY ; an CAT’ (traitiing aiddy. i ee ee . re 
gee : Sensor research. area. - my oe ee ee 
~ Ge nr System research, area a . 7 eae a 
: . oS “7° Motion © 7 a a ee ee: ee 
: _ . as : _” Visual -— es mae eee oe me 
a ’ w+) .Sound =~ of - 7, es . 
a og Programming support: a Sy 8 te Be ee, 8 
_ _. B+ videofile setvices . : = Pas, ee, EG 
a . yu? * Universal‘ terminal availability” «| ; bee 
: on ea ae ae Computer availability: ~~. « 2 ae SG 
“oo >. ‘7. ” Mode shop” scheduling: © ° 7 . 2: * ’ 
5 , ar ie Photo lab scheduling , ~ ; oe mo ~ ; 
oe Experiménter station (foo. - oe , @ 
, : ry _ External services ; ~ oS 7 ' 
° = eee, fy Availability of Subjects oe ge 
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es _ ee =< Peg a dine 
= =e * Fe 46 the responsihtiity- ‘of the ioe project ot Pau 
e: eo “psychologist: to ensure that, athe © various -gervices. are. F as Se 
ae oe scheduled go that.the: experiment’ pay" be. per forined - at- “the ie ear a 
a a " required’ time, It is. also the. ‘responsibility, of* the. project: "s gg ae 
A ' ..psychologist to file .any documentation peapea seu ‘to; the wee, ee a 
a gps ges in fhe, Udeofile’ sypeem. pe ee . e eet et 
‘ a . Pala , °=8 » . x : see P =e Sie 
Te Be a When: support” eervicen have. seteped piboinedt their” work.’ eget 
‘g: * or. ‘are waiting: for, the’ experiment. to run,. hu an ethincts: o ms 
no ee swill ‘be called. ‘in to: perform the experiment: Tear I be- ‘the, 
a cae a “yesponsibility. ‘Sf-the project _psychdlogist to ensune. that *., 
olen the, ‘subjects. aré suitably cbrivted, eroue the’ niagure ‘Of the’. 7 
i608 hee “beforehand. a ie Ate = O Pa ete as = 
tw a eae e. AS bee = © i » * * Ng ces twat ey = 
ee er “when. ee ‘experimelit iésvers: fhe gackeree data’ wilt’ ee -% on : 
rt - 7 . : 
et ee analyzed ; formatted and incorporated into a-report’’.. This _.+ : 
a : report “will? {nclude ithe\procédures involved in setting. up fs, - 
: _,the éxperiment, -agsumptions,. definition of special, programe, ‘7 F 
: . vO materials used ‘and regults. of* the experiment. The report. : os 
. eae will be- filed: in. the. -Videofile. data storage: system and a 2 one 
t ° € ry z 5 
Je. LF special programs will jbe ‘filed on magnetic, tape.. Copies of >< : 
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ae é : ae . . 
‘The data summarized in Tables 15 and 16/(Pages B-2 and {| 
. B-26) were used a8 indications of the types of human factors 
problems encountered in the design of specific-fraining de- 
vices. The studies cited in Table 15 illustratédsthe-kinds of 
learning, training and. device design experiments required in 
the past in dealing with the types of problems anticipated for 
the ETSS. In most cases,’ the studies cited reflect attempts 
to optimize learning within relatively specific contexts, in- 
dicating a continuing need for experimentation in,the deriva- 
tion, application and verificatidn of device design concepts ° 
in specific training settings. The data summarized in Table 16 
represent an application of the concepts in Table 15.to a spe- 
¢ific, complex ‘device design, indicating the manner in which 
system like the ETSS would be used to define more precisely 
he characteristics of this type of device for more effective, 
fficient training application. - ° > 
Table 16 is a matrix shqwing the extent of correspondence 
-between the listing of crainih research problems in Table 15 
_ ard the characteristics’ of a relatively complex sample train- 
ing device.. The 2F88, the F4J Weapon System Trainer, was , 
chesen as the example because of its’ complexity, and because 
it enables demonstration of the variety'of decisions .required 
in preparation of a training device specification, relative 
to the learning, perceptual, training and training control. 
functions associated with the device. 


Major experiment categories listed in Column 1 of Table 15 
are represented across the top of Table 16, with entries in 
the table indicating the types of research problems associated 
with significant paragraphs of the specification. For example, 
‘paragraph V.B.7 of the specification ‘calls for +10° and -4.59 ,. 
of pitch motion in the trainer cdckpit, +7.5° in rolly 12 inches, 
of heave and +7.5° of motion in the yaw axis. While these 
motions may be appropriate for this devic , other aircraft 
weapon system trainers and similar devicés may require, other 
motion capabilities in support of training in their own unique 
functions and modes of utilization. Similarly, other charac- — 
teristics of this and other devices aye subject to experimental 
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@... EXTRACT "FROM DEPARTMENT OF TRANSPORTATION avvowon Tie 

7 8s SIMULATOR SPECEFICATION = 
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pe. Se This smppendix ‘is an “extract ‘from a steci#icncions prepared | 
" i by ‘the United, States Department of Transportation (Federal of we 
. Highways Administration)- for an advanced automobile Simulator’. 

- This: .specification was used as an. indicator of the prob lenis” 

_ Likely to. be-eneountered in simulating significant aspects of - 
the automebile. operator ' Ss environment; It was also.used in 
Phase II, in deriving requirements for equipment, and. software. 

Nv: essential, Lo experimentation in ground Nehicle. training device | 
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che ®. oe , 
4° : - ate we 
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- othe ‘Grelene shall. inclu : 
_ general-purpose automobile “ginulaters ich should permit ‘rapid ay 


‘and efficient Study of. roadway * configurations and “in-vehicle 


_Aisphays related bor the .ERGS ia re a i. : 
ae = _ The sroiece nail sroulde tiardvard. See tee ‘hinoneat 
-7 and ‘characteristics ‘Specified below, “The contractor -need not 


be Limited:'to- ‘the , "following, componefts, but thay’ deviate- -where 
a better prodkict, wild be Ppoduces by. Buch detation: . 
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oer. * “an Abprox imation. of ‘the real world necessitates” 
-* thath the ‘subject/d be able “to focus his eyes at- infinity. 
vie Thé use of an ogtica system whitch provides this:, /Capability- — 
— * “through , ye fractive : collimation Of an “image is. Suggested. . 

7 | Di gplay ‘high-light brigittheds' nlust ‘exéeed | 10 ft.-L. Field of . 
1)” svigw of about-30°V x 60°H is the minimum acceptable. Resolur 
“4° Ehon of 2 min of” are ‘display image. would be désirable bai! 8 
min of - aE of Fesotution. lig mit. aggeptabley . ee i 
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e _ ae jResokircioh“of. ‘pompinent eet, ‘thé visial ’ system shall- 
et ae “pe specified -for.:both, optimal _and typical, gperating ponditions . ae 
7 =, “with comporient error. analysis provided’. — aon a ; 
a oe ta mar ee devetopment shall be ‘generated by a “TV-Tér- 
; eo rain modell.” ‘system. A Black and White TV system: wil1-be used, 
en however, ': ,all possible components _ should peruite ‘ehange to color 
fee TVs with min irium : preerevin — er J. 
Pope a a ae eae " Temperaeute’ deGiation ‘of: 20°F ‘from No¥mal environ- ,° 
: .@ a “adn fal, Semperature , of 70 °F “must not degrade syste ee ° 
ie a ee ee ee ee 
ae : . : : Ma “ag? te _ = ae a : . 2 237 _< ‘ _ | ‘ . 
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saiTRADEVCEN 69-C- 0207- 1 


‘Although model stale of 87: :1 ds eae che 

rall size of the model should ‘be -as- small, as- Feasible, 

. Gatttry preciSion must permit, Location. and contrél -of probe 
- withYn +1 scale ft. of any desired point.*+ The gantry, when 
ating in both X.and Y¥ coordinates, . simultaneously shodld 
) viate more than +1 scale foot. from‘ the command path... "7 

Error. analysis’ for each component: in the contfol systems ; 

ee provided. 3 aD > aes 
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‘ The; seuilare sive must be .able to drive on inter ; 
‘state highways, rural highways, and: On ‘urban streets. The . 
interstate - highway must “have a diamofd, a cloverleaf, ‘and a 

oe cloverleaf ‘with collector-distributor- roadway. interchanges *- 
each separated by one or more. miles of highway. Nine addf- | 

ys tional, non-standard interchanges should -be capable of replac- 
“ing any of ¢ . standard’ interchanges” foy--a totak of 12:, Total : 
replacement ( ime for,three _interchanges should: not: exceed ° o: 
three hours, ” ‘Intérstate - roadways must permit’ 100° mph at f° ae 
‘points ‘desirably with: fapability of 150 mpir:for | Short sections. 
The intérchangés *gsRould be™~ Gapable-of variable: “spacing from i 

3 cléser than 1/2 mile ‘to oyer, two! miles, ae yee 


oe 
‘ a ae 
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“> The rurai. “goadway should. bez: ‘one or more miles of . 
‘two Lane’ 50 mph specification Highway and one ‘or more miles. 
of fourlane divided non-freeway. Urban -streets with’ 25-30 ; 
mph’ design ‘limits, frequent intersections ‘and at least. one’ a, oe 
traffic nal and one stop ‘sign must be included,* Fhe: Foe : 
- ‘Lowing: Sh, aeeiere -must be provided: traffic circle, ee 
and four-way right’ angle.. The four-way must be. represented | 
in both ‘two<Lane “arid. four- *lane approach. Transitions’ should | 
be provided to permit continuous operation‘over the entire 
‘simulated roadway ‘segment.. It is desirable that repetition 
from ‘the beginning be éasily accqmpl ished with no  Gascont ten 
uity between Scenes, — : re : 
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The. sual systém should permit ‘the aniyers to | ted 
move lateraliy. over four lanes of traffic ‘and yaw | when ial 
priate ‘for Lane enanges. and othef maneuvers. a3 
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: ; Nornfal ‘environmental traffic would be ‘desirable. 

At intersections ,. for pegs ‘of iteasuresent, , vere should 
. be no traffic-fer the-last. 3 seconds, _O£ approach,,~ But | On. 
other sections traffic Should be moving, and ‘represent sorta 

_ —tévelg for a particular type of roadway, ‘Speed deviations’ of 
410% between the subject's vehicle and other cars on the highe 
way appear. sperma ceenre: se ade a a poe ; 
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@ - 42) Motion System < . 0 Ao Sx re ‘ 
ae Sn - Atcurate moeion of the wwehicle ‘cab eaeerattd: , . , 
52" with che: visual image of the roadway, ig” required, Neither yoke 
—_ violent’ maneuvérs nor highway/weathér interactions are‘'to  ._ ; 
- , . be studied. in the short-range research, so- ‘that simalat {gn “ a2 - 
" n° Of bigh "B" forces will not be required, ‘os : 
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os ae ee “Sustained lateral "ig totes to simulaté turning | : 

Bas ate considered desirable.” oe. a ee a . 
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oe 3. Vehicle Cab: a > 2. 8 oe 
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“The —— a contemporary, standardsedan ‘config- “S 
wo yr@ion including the «section from firewall ,to behihd shes os 
‘~  ' . £ront seat; and the full width “of: a norma, car is required,» . ~- “i 
‘Phe roof, ‘section and. vehicle figod will also be included, re a) . 
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I. This appéndix considers the characteristics: oe ‘all “air- 
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3° wave height, Wave height and” length are functions of-many 
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A vessel will occasiodally: sige ‘when arian. through’. 
rough water,- ‘This means that ‘the ‘forward section of the ‘hull. 
receives a vidlent- blow that’ causes the hull to, shudder ee 

"a2 rapid vibration having * a period of. less than a second, 

‘€he instant. of slam, a loud report is-heard: ehesashoue har 
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rte to mave Lissa’ ‘complex | form, | a large number: of line’: are- ‘needed 
7 to de&eribe. tts shape, - ‘This’ immediately puts -a' Limitation o on, oo Be 

to 8S “the fidelity of the. resulting picture,: since the electronic - 5, Oe 
‘+ , Kmage: generators are: generally linited-to relatively few. -° w- |. 
ae ge déstribing - lines, However, as ep aca techno}og: aac ao, Ae 
a ae mneeaver so will ee Sa wane - S a 
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i . 8s “at this point, it. should be siceened: ‘that any: ‘visual’ 7”. 
a «scene portraying waves ° synchronized to vessel” motion, will” be aaron 
" avery expensive pada a bP ck ys < - a ad 
aes “ee ° hy a eee ie,” tee 
Fox geese in passage accompanied by. other yessels;. ‘ait. we -* 
‘the constraints- concerning végsels in passage- apply, However, .° ie “ae 
“an additional constraint is added since there are. other © ea. ae 
_ 3 - *dynami¢ vessels in the _pfetorial scene, The’ scene image con>. .,° ° 
tent can range from other vessels eects over thé.horizon, ., < = ae 
towards the vessel being simulated, oaeotves, ship Station- oo er ae 
keeping on the simulated vessel, inis ifiplies that there is’, . ~ ot 
‘ dynamic motion between two or more ‘vessels, Since the. prime ’ . © 
aoe image content is the other. veseels. the detail of* the ‘sea-and. ae 
ky need not be ‘reproduced | with a “high level, ae fidelity’: ; . Bes 
: |»! ‘The. angie ‘ef view required. ‘for such g system- may’ be - 
-descrthed as the view from the bridge of a ship. Excest’ for 
’very ‘close~in maheuve ring there is.little need to look above ae 40 
ae vs the horizon. When keeping station on another ‘ship it is rarely’ a ‘ 
rae & necessary to Look: ‘downi.at an angle-in excess of 60 degrees. : 
y The horizontal field oef-view, due, to ship ~passage,” becomes ae . 
; “quite, extensive arid’ may’ be approximated bya horizontal field - a 
; “of view of 240 degrees,’. At least” two methods are applicable ~ a 
= " to* this opérat ing ile. T e “first one,’ “described briefly in ba” a 
“the previous, section is the” digital. generat ion of electronic’ ~ : 
~ images, The. images generated,-mdy be ‘fibfedepn: Lite drawings .‘ - 
; ten, Of the surrounding vehicle since the. training value ‘is des”. ee . 
an oh ‘ “rived from the relative dynamics | of the- vessels and mot the 
- ‘vessel detail. .A retent ‘analysis of the display generation * 
” requirements has tesulted 4n a carrier landing and ‘takeoff’ - 
. line drawing system being developed for. NT NTDC- by ° the Evans f&.- ,* 
- ” SutheriandCorporation.” ‘Admittedly, ‘the ‘more’ detail there’ oF “4 
oe ee is, tthe ‘more easily the -vigual display is accepted by- the i : 
c subject... A typical’ presentation of ‘the digital visval-.scene: ae @: 
. 18 depicted in Figure’:20 (Page G-A3).. By ‘guitable: manipulation: * a 
* Cae fie: math ae the image dynamics wad be changed readily. eg 
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, Figure 20, Typical] Digital Visual Scene’ for 
. ~° Surface Ships , 
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os OS 2 a ae ae ae son 7 2s a ee: — 2. . 
Pits a = og 4 he remaining method that ‘fulfills the*requiremeats of ' i @. 
"4; this operating role is a camera-model: system. Either Of two -../. ri, 

_ , types of cattera*modél system may' bé used depending on whether — <* 

: ' ‘there. is more than one vessel. in the image contest. ©, '  ° 7% * ' 
qs : . e- * ‘ ae o. b Be a 4, ws 
. The -first approach assumes that there is only orie vessel see 
. " ‘in the visible’ area of the ocean, Thi's technique, uses a single. , > 

model of the other ‘ship’.and a-TV camera ptobe‘whiitch has zoom -.-3,.. + 


: 7 and track capabilities. The TV: camera also has the capability 
Pe oe for alhowing a change ‘in ship's heading. . Rolland pitch are ~ |, ., 
’. + considered unimportant. ‘quantities since there t$ né wave motion 


; _ depicted, At-distances from the modei.where perspective. angle © .-*s' 
5 ae changes are small, the zoom capability is used to simulate. the ty 
two vessels, approaching each other, . AS the change in the’ per- Coe 

. ‘spective angle becomes significant ..the TV cathera’starts ta ea 


, ‘track ‘in towards the model. - The effect of the: model changing . 
heading is provided by mounting the model on a turntable. - ee ie 
‘Figuirre,’21- (Page G-15) shows a.typicai layout of the system.; | = 

. To allow ‘sufficient detail on.the model a scale-of about. 480:1 . ~ 
is suggested (40 ft/in). The plastic models available im te- 
tail stores are very satisfactory. The ocean horizon is gen- ~ a 
. °° erated by the intersection of the plane carrying the vesgel ' 5 
model and the sideagdf the device, : i re  @- 
. re ae mea & ae y ; 
_ The secont ee ae véssets -to .. 
. + + maneuver, is similar to the first, However, the camera, . a: 
« “ equipped with a zoom lens, is only allowed to rotate inwzi- 
muth with translational: movement eliminated, Suitably scaled re Te 
.models ofthe maneuvering vessels are. placed on, the, surface of ° 
oe the device and are controlled by "crabs." These crabs operate, - 
: " under computef cohtrel, beneath the surface of the device con- 
: . - trolling the models by virtue of the attrattion of two magnets'- 
~ , (one: magnet is on the model base and another on top of the .«. . 
"controlling crab). Figute 22° (Page G-16) illustrates the - . . 
ie :” basic concepts of such a visual system. -' ee igh ~ ; 
7 “The ‘other-visual sygtem techniques described in. Appendix ° 
iJ, with,th¢e possible:exception of VAMP, are eliminated by 
:- virtue of relative motion between‘observer and other vessels. : 
‘+ °° Providing the field-of view and the dynainics of the situation , ~~ 
ee aré- suitably restricted, and the’ angular deviations’ from, the 
hominal path. Limited, the VAMP system. may be used, “%,-  {y, . 
oe -,A vessel maneuvering ‘inf the approaches to.a specific a. 
. .. harbor has-a@-distinct visual environment.’ THe’ coastline'‘is in ° @ 
sight with prominent features edsily, Visible from the vessel, 
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, ? ) - ec ie, Be , SURFACE- REPRESENTS SEA. _ ae 
gh pre oe ea 7 
aor an A ra 
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7, fe 
r) , a 
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Gee 
. s oy t 2 ox oe. * (PLAN VIEW) ~ > : : 
f+ S MANEUVERING MQDELS A,B,C,6 se 
,; ‘CRAB’ INCLUDING CONTROL LOGIC 
AND SPIDER DRIVE MOTORS: 
. f ¢ 
bs * . & . . * : oa a Pe . 7 
oS x 22. Multiple- Model Camera~Model System layout 


. -, a . Pad 
. . . oo? 7 : ‘ 7 & 


~ 


‘ 


oe a 
+. 
= eg 


" “NAVTRADEVCEN 69-C- 207-2 . 


S = the, approach peek to the 
de Ree tively narrow: channel, 
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ty ‘defined by a reta- * 
The- channel is “narked by” cdrisbituous 


and stakes which. use lights and colors for . 
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c buoys, « beacons, 
_lSeengi fication. » The channel. is used’ by other vessel's. 
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. having. a ‘tesponsive maneuvering capability is waived, then ~ a 
. “the choice of the visual system. may be. made’ frott any of the . soles 
ae ee ‘ 5 7 - _ 
oe + eo “yale viewed system * se ee - a re 
Be eet 2.. ‘Transparency. reconstruction. system- *.- : ns 
ey . 3° Camera~medet system th “GTN. =. se ‘s . Se. 
., ic ‘by. Electronic image gene: ation. . #8 mg ‘te . _ 


“Dheee egatens differ ‘Goty. in their technical aoa - 
and image definition. A VAMP system “approach would. require .: ar ce. 3 
“. that the ‘devfations. from the -desited'path not be. excessive’ es. 
“id either heading change or lateral deviation. £lectronic - : oe 
imagé generation would provide ‘greatest’ versatility, but at = _ 4 
the ae a large programming, task. and’ raion ioe definiticn. ss 
« 2 a, ° . , 
‘As%soon. as the eonstraint. of sehen vee Cie: ‘in the visual = oa 
«scene is “‘imposed,, the choice of’ the visual system ‘Ls much more 9 ‘ 
limited, ‘For a system portraying other wesgels. which - have a. _ 
ee ae responsive. maneuvering Gapability, the choice is jpetween, ant 
i. 4 _-animated’ pamera=Hoeet: bls tae and an electronic image generation ; %,° 
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wa , - Particularly dasetiaes ‘in, dhe ‘role of davigation is” the - 
:  Fepresentation of color navigation mirks and .the correct repre- - 
a of area navigation lights. ‘ALL the factors preyious> . ‘ 
: aly iven ‘for “wave § hold true for: this npstachonat: role as well.: 
"Vessel berthing : iplaces a premium qn; “good séamanship and 
. ~ good ship: control. During an. operation of this’ type, “it -is*of - 
. ultimate importante’.for the Ship!s officer to be able to ie . 
‘mate distance and velovity between hig-ship and the vessel, cas. 
: ” jetty, along. which he wishés to berth.. ,In normal era i “ 
- ‘“withno wind or” current, the approach path. is.v very narrow and SBR ee 
well ‘defined, ‘ However; “some situations involv tng an. off=shore | 
_wind or. adverse’ current ‘ tesult- in the , ‘vessel taking, ‘up: large 
‘ anp ies telative to hud normal, straigitt forvard approach 28 3 RS oe 
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; An doc ceiont “of this type generally requires a wide’ fen 
“angle of clear vision... -The yertical {COmPONERE: need fot be’ more | 
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eee “aa eRabEeRN edés0207" “1 , 
—- than. gbéit . 90° degreds ‘be low the. horizon. ‘and éaly j bout 5 des . 2 : 
ae ra ees. Nabeve it. ‘However, the- hérizontal angle shéutd exténd | © 
. %°., from. £6" degrees off the bow and contitiués through the:bow,. ~ 9 -> °° 
pet ~ round towards the. stern and terminate 10. degrees, off ethe stern, tag 
aoa “This: Ay. re as as. in Ergure 93 (Pagé G18) ot Fe. ae . 
co es . . a. : : oot ; “5 = . 7 a x + ; . 
. ~ : see a - _ < ay wey . ce i — or MF 
“ — as > Oe “a : Fe . Pape . nd . _* a. 7 : 
Se ee ot jee ye SEIT , Pee. of 
vs .* 
i Ay . ao ~ * . _ ; . a 
. ‘ ea a 4 ee ‘ * . 
4 ; : <4 : em a a 
= 7 - . . — , 
so a 0.» Sug oo eo a ot : 
t ; * .. ‘. = Z r " se i 
io s : a 7 . = s * ve wy TL -. 
Z a. * . . - s * ey & . - ne : o te . xi a 
-_ : : s or : “! A ts ,e Oe _ * a toe @ 2 
MT "+" Pigure 23, Typichl, Berthisig.Uperation” on ST 
a a's ee Sen. ee PS oie ts 2704 
_ this ‘results ‘in a. wisual field of vied of 200-*+95 degrees. ae Fae 
oan Since the. visual ‘requirements -pertaim to-the relationship ber- a oe 
ree tween a’stationary- vesse] or jetty and the simulated\vesdel, . eo 
" .° a number of solutions to the problem exist. Thése may be . "cs. : 7. 
Boge ie * summarized as: - # < gr a we ag 2 ae ir 
= & ; ~ : Elect#onic ecpeee ton of the viddal! image. a a hee. 
_* = #4 aoe Camera-modelk system using. ecTy — Be oy oy ' tS ae ee 
eee 3. VAMP eyaten odd ae, Be fe ; 
; ‘ The VAMP egeese ak the fietd 2 as far as - Umage quality 5 a 
: ‘is concerned. However, as soon ‘as he deviations from ‘ the. — o 
- , thegrettcal ideal path, béconie significant, the perspeotiye a ona : 
a : distortion becomes large and disturbing: This sjtuation ~*~ a , eo 
oe could exist if the ship were docking wdth an‘off-shore wind, . 7 > 
es ' and was allowed to ‘swing to the bow rope or was “allowed to- cts 
Te ‘swing ‘with the .bow pressing on ‘the jetty. A ‘camera-model oe > 
Po ON ea atlows the greatest: EhGESDATIEY © as beat as versatizity a @ 
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“i view extending from abeam oo the. portside through: the bow to. 


-> zontal degfees -and” 50 vertical 
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og : ’ “NAVIRADEVCEN 69-E-0207-2: ° - ey Oe gs oa 
.. : vt . .f “ Vag) Fe, Ge 
Le “an'd image fidelity is ecmeuiee: “However ;, ‘it “cannoE i compete oe 

eu a with the image quality‘of a motion picture film. “K “systesi . us 

ae ‘ employing digital see ngs of, an electronic image’ ha's the’ _ 7 


e 
eee I 


greatest convenienc in that there is nv - specific hardware 
“assoctated with a g ven “igual requirement . . The-berthing 3 a 
maneuver can “be” represented by*a composite ‘Tine’ drawing, ¢ - 


"wich would, show the ship' s bow and the. approaching dock. . en 
. the dock becomes nearér and thew'image becomes larger, ‘etail. 


_cquld be added to pive xan. air of reahity to. the ‘visual, scene. . 

s This s¥tem woutd be: €he most: versatile bur. may” not ‘produce the 

. highest, fideTity.> . Te “gaii~be assumed that wave action would 
- not be. significant Sidce the majority of ae operations : a 
ogicur in. sheltered waters, ' — a ioe _ : 


Ste . . st 
ry Pe ae “ek . oie i > 


The ° “ease, ‘ae an assault craft’ appiodchingan eneuy-neia x Bus 
beach is ‘an. example Gf a‘small véssel operating. in, coastal - ; 


» waters with a large amount. ofwaye action, .zin an,NTDC study . 


€Z° coricerning the feasibility of ‘an assault: boat, “coxswain. . . 
ttainer,. special emphasis was placed dn craft, control; in con= Tae: cw 
_ditfeas where’ wave action is-significant< This implies that 
. the visual "system should be capable of. producing a specific a 8 
‘wave System. Also, it should ‘be ‘understood’ that, this wave ye 4g 
;detion, i in, the | ‘visuat scene must “be syichronized with the a rn 
“Fact ton system, supporting” ee trainee station: ° ieee ne a 
‘The same; problems ‘as seared previously exist for thts’ ie te Be 


: ‘yisial ” requirement. Since “it” is possible fof an. assault -boat, . 
“to broach’ during its “run ia. towards ‘the beach,-.a VAMP system a 
must be ruled out, ‘The. resultant: distertion ‘ofthe Visible “7, “4 
waves durihg a heading. change .of. 90 degrees would ‘be intoler- a 
able. aad totally unrealistic even .if ‘the VAMP shad the neces- ” mee. 
sary: gapability. - Therefore,  £he choice lies -between a three- a 

dimensionar transparency’ reconstruction systein and a system 
employing” digital generation ‘of the eleetronic image. “Both 
- systems, would “be expensive in terms of’ hardware and program- ~~ — 7: 
ning. » During the’ run in, the ‘coxswain -requirés_ a Field of Feat 

-abeam on the, starboard sidé: ‘Since he is at a low elevation 

swith -réspect to the horizon, A. vertical "field of view of 20 |. 
degrees depression , _and, 30 degrees elevation sHould ‘suffice. ent og 


“Thus the visual Systém requires angular field of. 180- bee an 
Bete. The. yaw rates of as~ cs 


sauit _xessels, as. discussed previously, are-in the order of 
AG. degrées per second, with angular’ accélerations up.to 50-de-: 
’ grees/sec?, Travis Lationak yeloeit ies range from zero- to up-. a 7 
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iences very Little motion due to surface wave action... *" 
Due:to. the. very small effect. of wave action, submarine, roll 
.and pitch will be. eliminated and’ the surface will: be treated | 
aS..a calm Sea. 7 . * 
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~The ei of view subtended ‘by a ea es ee, a 
zenerally does not exceed a solid angle of 60 degrees,.” In fee 
order to achieve ‘the utmast versatility in a visual s system 7" 
for the ETSS, .the periscope visual system Should -use as many ° 
gomponents of existing systems as possible, For this reason, 
it is recommendéd that periscope visual system be a two-tier 


arrangeméat.., The lower ‘lével would contain an elementary, ™ ‘x 


" périsdcope ‘at the subject’ station whicfi would view the visudl 
scene in the upper tier. | The-upper tier would contain any 
one of the visual systems described previously for the opera- 


, ting’ roles. The visiral scene, depicted in.thée upper tien would 


’ take its inputs from computer variables corresponding to: 


f , $ x. . “ 
x dee, Submarine. speed _ , : ; = 
| (2. Submarine heading ; : 
— Submarine depth ‘4 = - 
- £4 Periscope extension - a ; ~ & .% 
= 5. ‘Periscope magnification — , . : 
6, ‘AzimGth’ data- from periscope mount. ; 
‘ 7 Periseope elevation angles Se 
" 3. Pateee dynamics, c, : a 


id 


: The "‘eiiesien of raising and lowering .the periscope would. 
be restricted- to the lower tier only. A telescopic tube would’ 
coritain “any relative movement, allowing the viewing lens to be™ 


"stationary to “the visual scene. Two conceptual approaches. to “ 


such .a system are shown in Figures 24 and 25 (Pages G21 and G22). 


‘Internal optics within the elementary periscope tube would be 


fixed. ‘The, effect’ of elevation, magnification, etc., would be 


Seemulated by a change: in .the visual ‘scene. eed oe 


2 - rere ? ” - . of 
Cd - ‘s a » 


ri should’ be. noted that this system may use any of the 


visual systems , describe J. in the foregoing sections, providing . 


that their Limitations are taken into consideration., 


. n submarine running on the surface is virtually akin to -- 
a surface vessel maneuvering gn. the surf aee-. The only real’ 
“difference is the, immediate (near) scene. This, should resemble 
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ae Generally speaking, ‘the smaller the number of components 
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_a - gubmariae and not a surface vébeel =. haces possible. ‘dtf- 
ference is the lower elevation above - the ea_of the™ bonning st 
tower when’. compared to tie bridge or deck of a ‘conventional or 
-isurface vessel. .The principal effect of a’ lower’ viewing elee  ~ 
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vation is-that ‘the horizon — ereeer to the: viewer. “” e" 
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Awessel cheased: iaeouibee with. a target represents tae 

, most complex opera ing role of a simulator. The visual syatem 
must not only portray other vessels and the ‘land masses, but, 
the effect of ‘projectiles hitting. the water, or exploding on. 
_ the target. The visual system should ’be equally capable: of ' 
" representing the view from the, comhand position or the view 

- from one of the weapon: ‘stations’ -- gun turret ‘or- missile, 
-launcher, 


° 
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The sieuet scéne for this area of operat ions: may nave 


the following characteristics: : ‘ 5 r 
a 5 eeane inéluding wave action vs ey 
2’, | Land mass - ae = a " 
3,° Other vessels maneuvering in scene. - 2 S.A tee 
4, Aerial targets ys : re : 
2 5 Targets stationary or moving an land.mass‘ 1K : ve vA 5 
. 63, Effect of exploding+projectiles 
7 


. nee spouts causet’by ae hitting. the watdy ” 


« 2 


‘ _ A very Seophiee lence’, complex, and, \cteabive isual “sys” : 
tem would be required’ to meet these requirements. An approach 
such as ‘this would pricé the visual system for’ the ETSS beyond * 
a reasonable’ level, What is required is a system that gives ” 
the elemental impression of the” essentials of a combat situa~— 
‘tion. ~ , 2 ee oo 


§ 
oe 
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‘involved in a visual system, the easier the system will be to. 
maintain and ‘to use. For example, there would be only one 
film to process for a film projection system,,.only ‘two slides 
to make for 4 transparency reconstruct ion system, only;one. 

' digital program fo. write for a digital image generator and” 
only one model to build for a camera-model CCTV. system. Any 
mixing of systems | produces. a system that is ungainly to manage 

- -- particularly: for experimentation by the. staff ofthe ETSS. - 
The oniy system that.cdn encompass all the items” in the pre- 5 +, 
vious ‘list of characteristics and yet retain system ‘simplicity ° ae : 

-is.a visual system utilizing a digital electronic image.gen=~ | + 


"* erator, BY today" 5 meaner eee even a digital electronic nee 


Ul 
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ae generator vould be “extremely expensive ‘and quite possible: be- 


yond the , ‘state ef the art. The visual scene generated would 7 
:be cartooh= Like in character in “comparison with <hecea> ‘world. 


aes Tn, 


oh . e € 
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guite varied, If- the ‘ship -commander is under:aerial attack, a ah 
f¥eid of View of 190 horizontal: degrees by 126 vertical. degrees 
(+90; -3Q) may be required, For a gunnery ‘station ‘on, the. same. 


- vessel, ,the ‘field of view from the weapon station is. restricted 
and a field ‘of. view. gorresponding to a ee of 60-de~ 
“grees. may suffice, a 


‘ 
~ ‘ - 
. . . 
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“An ‘Gngortant. aspect of savigation on “the open ‘sea “ts that 


ae 


- Of ‘collisidn avoidance. ‘In general, the sooner. the vessel's ° 


commander can see another ‘véssel, the. sooher he can take.-the 
appropriate’ action. ‘Since a ssyathetie visual. system is being 
used for the visual scene, the _question of- minimum” resolving* 
capability is ‘an important one because it determines how. far - 


‘away: another’ vessel.‘ may be. abserved, If we take a case of a 


ship steaming giréctly towards the observer, with an overall. 


_ dimensign. erive Lbpe o£ 100 x 100° ‘feet, and placed directly on eS 
the horizon of the observer, then the requirements for’ re- _ 


_ solving power of the visual system are: shown by Figure 26/- 


nue ee g=2 , This represents - a minimum, performance requiréments.. 
ere 9 te 


Since the viewpoint in’ any. veekel ds seldom more than a Py 


150 feet’. abowe the sea, the visual. system should | have ‘a, reso> 
. lution of, at. least § minutes. of arc. This would allow 4 typi- - 
gal. me rchantman; steaming chead on to’ ‘the observer; -to be seen. 
on the harizon. ‘For..a Submarine commander , . with periscope . 
raised’ 2 feet: above the water, this would allow ‘details larger ; 
than about 15 feet in dimens ton: to be obsetved on the horizon. 
-,¢ ‘ 

‘The definition of the aia tain image size for, navigation. 
‘Yights on vessels and shore installation, 4s not’ related- to 
visual resolution. So long as the light source has” sufficient 
energy, the eye is: “capable | of observing that. Light source no 
matter how small it‘bécomes. Ina motion picture Film the 
‘emulsion captures the light source image directly on the film. 
Upon projeetion with good optics the light source is repro- 
duced as a cloSe representation of thé real-world source. 
However, the sniallest elemeht ‘in a TV sygtem is one-line ele- 
wient --- a group of color dots on a given raster Line;- there- 
-fore, distant lights, if porttdyed, may appear to be’ physically 
* Larger than, the actual lighting installation. 


Table 22 (Page G20 summarizes sie vidual Mequizenents 


- for’ naval vessels. a. or 
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- : The. field of view “requirements” for. this gituation- ate be as 


. 
% 
e 
2 
» 
4 
“oe 
e = 
Pa 
5 ° 
e 
s , 
o 
t 
. ° 
‘“ 
~ ° 
. 
ee < 
. 
* 
ao: 
‘ 
’ 
* 
~ % s 
ae 
P ¥ 
. 
. A 
e . 
, 
~ os 
~': . 
* ._ ~, 
> 
- 
* “¢ 
ro -. r 
. 
~ 
ov 
a 
Pare 
“ 
» 
t- 
Ss is 
° 
. 
¥ 
4 
\ 
"8 
e uc. 
‘ * 
. 
. 
. 
i 
, 
aA 
‘ 
. 
_ . 
4 
. 
* - 


Min) 


Me 
oe 


ANGLE . SUBTENDED ( 


NY 


wu 
° 


oN 


™e 
’ 
“ 


NAVTRADEVCEN ‘69-C-0207-1 - Fs 


ee ee = 
1 — ou 
. 


> 
See. 


100- . ae ; 180, 
. % OBSERVER ELEVATION, H°(FT) 


- ¢ és , ae 
. “ 4 3 


- 


‘ 7 ard Ps 


e 
ce 


oy) 


? * 
a 


s - “ 


many ’ - 4 Me” 


2 = 


Singin ieren a | Cr 


Minimum Resolution Required-tp Vigw ‘Average . 


of 


” 


ae 


" 


ey. UBT wepacagtin 8) ara. autke |e 7 


“900/33 02 
“>ée/33 02 


“pray oz» 
~ 239733 02, 
298/95 95 


"999/330 02 
“208/23" OZ: 


298/23 0% 
at 220195 OY, 


*2pasaz O02 ~ 


298/93 002 200/23 of - 
09 


U 
4 i 


\ ‘ 7 ‘ ‘ S . 
+ Senonuyqu0e9 .  anonay SOONG 4009 o6 snahuy3009 sndnutaves #nanayavos . 


yee} OF K- 
oorye a 


<“ae0} 09 


(62295 0002 « 
+ > Jay 0002 « 


22903, 600°91| = 


a 2 = opt oy % 
a 


3923 000" 
2003 .090°qu! 


. 


90134099800 
By E2204S 
pilasters 22420 
Spode sy [s2arndeoa 2xepUNn 
Jawa aya vs 
Yuynga wpwesay 
Taesaa pares” 


‘69-CO 


s99N0Y4I4y3s7 


“$0 UOyrI0g 
uo 7 29n38990 
aT ee8an 23430 
Tyeaap ioqsen 


aa 290209 
Paysets ono, 
wa PUTT 2I0NS 
(o*Btv 32d ey) 


fo* 00} 720. 
advreeay 


» 


de 30204 
ater urdy 
JAsseA 3220 


. 


¢ Yory20H 


4 


CEN 


en 


by 


VTRAD 


rs) 


Pa 


ANA 


. 


SSHAIVAVN: YOd SENSWAYINDIU 


: oe A - © * ‘ - . ~} 
a 2 1S CC 
£atAy2208 qYys Eady AsexIU09 z ; 
- 7? . - n t 
¢ oo Re i Sty 
_ Pa fe 8, eels squel 1003-Z 
” oe 


. wayssy roy waouyagaq . 


ca as AQyAT IIe, omy a {Ty3 30d g tt 
2 % . 
. ; 3 ; wy, P 238eq 303 
ee cigs Pedpndpa OU 9H8IT NOITIAT » 
®tFRe [+ ‘ Yoe WOK fog 
Pas * LS srtgaas wi 
bd ~ ° ae CNY mere , ‘ 
cae as i 
abel Aer a , S or ry 
"290/33 OOZ [290/93 OOF}. |. X F93990e tant opel be bleyeabte e 
~ °o 09+ ‘aee7Baq) eedey gern xo 
% Paid , asuadiey - 
ab29aq) (RuzpeeH ao) ner 
ney.’ 1 on : * (sapadagy Wasa, 
* at) “AS {ean28aq) 110" 
3923, 09 a 2 
( sone cot . 3 : a 
t= of |. say rts i ee See 
. a go a as SLIT 2oNnoaes 
‘ . 7 Ne* 
~~ / e . . 


- { me | . 
a rr Vs wo gk . = “ 
ied . e sa Ph . o* 
we, No oe . 
yatean |. = eS ae, ""eeQ * 
spereqraya,) Ff DyeRQ Joy pazynbar 
~FWER JO VOFIIOT! FS vpyasog .o IY HMdIT PVI}E2q » 
~ 98 2Aey | . oe ye “te 
Pes. ‘ 
uot yaay x “ sinzto? zo 
|. Pf 
ust .* 'eg¥ot0o 
wUSZ Ts BLINN GHY WOVIG -Isvainodd . 


. LHOJY + he 


a, . 


. o « 
Sta. Fez wigvi 


8< @ | CSL¥z@IVt Lod) +; SSINIHOT NR LROTINOTH 
¥ i % et 
2 (S30NIW Owv) NoTLMrossu Giwisaq. + + 


QMMIA7US OraLK 


@ : oo ee NAVITRADEVCEN 68:0-o8o7- zl a an oe res 
ne! a era *3 ae vey . ~ get ge : 
a a Le ae ' mg APPENDIX _f. a ae 7 3 i ol " 4 ‘q 
ae a LAND ‘VEHICLES a oe a i arcs 
; a. : a 7 - x es ° fd 
ee a, ie “thi's Poee edhgiders ie euvece eb iee of land” . a! 
ae vehicles: as -they appertain to the motion and visual | ‘tequire-, - 
a 2 ments. : This caggification of vehicles includes: Pt ee ee ee 
oe : a “Dracked vehicles. ranging from Light, personnel’ = a ) ae 
ef “carriers” to heavy battle- ‘tanks: a - ’ a Cig. gt 
et a ‘ . a: fy ide ’ 5 nis ’ ; 
Se I, ees Wheeled ‘Webtcies’ ranging vom staf cars to 2 heavy a - 
-, duty cxgss- country. trucks’, vig *. wa a 
. 4 eae ‘ a in ae eee a 
i * cigs ORD” ie 3h. Trains- or tracksguitied vehicles. * - a“ 9 am 
ee / : gS : % t+ : 
a ae * Surface’ effect véhicles or. h ercraft ranging. fron ~ fon 
, a a Few ‘tons, to several, thousand ‘Fons di placement . tye . 2 “ae 


. Appendix D. defines _ 


modern ee Or ari‘ automdb fle ee ae 
~ , “simulator. : 


; toe - Coe Fe P NN t : ae: 

a L. 1: THE. MOT ION CHARACTERISTICS’ oF” ‘LAND VEHICLES. The, ay~ o 7 ° 
ees namics of a. larid-based vehicle, with fixed’ egntrols, over” @ oA. a. 
' ‘7° speéific terrain at a, specific -speed 1a “¥sfunct¥on. of. fthe-. BR! 
, : ', suspension " dynamicgs - the nature of the terrain being” tratersed Pes 

*" and any’ ae rodyniamnt forces that may be present, The, terrain. 
1, . ' trdversdd. by these vehicles ranges from’ smooth highways to. as aba 
' Yuggéd dtoss-country ‘paths.- A vehicle crossing ; A specific a, i 
terrain ig analogqus to a ‘dynamic’ procéss with an input: of  *. 
_ - wbfite, noise of" a given power’ Spectrum. Thé résultin outputs.- | ~ 
‘ao ” from the_ process; are accelerations, velocities and” po tions. ~ 4. 
Gi ~ Spe'rfaining, to, the ‘axes, of the vehicle. Since the” ‘vehicle ig. “f° - 
, ‘not rigidly, constrained, ‘there: are six degrees. of Jereedon tt ete “ 


¢ 


a . Pay 
es “at t he (griver' s ag cea ae, ey e 
oe : > Since, the’ facklity: will’ not be ‘conducting ‘experiments ie 
~ + “en ‘the.* gi screte componeiits ‘of the vehicle (such as suspensi 2 o 4 
; 7 ‘systems)’, the motions to be considered | are those - transmitted  - ie. 8 cy 
oe aby the vehicle- structure to the “Subjégt t. ~The many authorita- Nagle % -_ 
+. Z works studying’ tha mot ion, of. rap vehicles, exfeapolated ace a 

: t ude ‘Rot ion bver random ‘terrz n,” “indicate, ‘that the” , =. 2 
ae equations “Of “mot fon" ‘are -a’s mplicated as those fan at, air. So) Mek ga 
om. |. véhicle. " Appéndix E illustrates a“typical.set of equations’, * Lae 
@ ‘for a gene alee vehicle. Since the .dnalysis of: ‘these; ve yt! as ae 
. Be ae Sg) ie OE ee eS see Th. Qa, 28 oe Ue a, es 
Me ee se er oe a wee oo Se fu? ae C8 oe ee 
ue f ee . © oy Be RON J : .* oe , ae a “es ~ = “a : - : aoe, - i tet pa *- 

2 Ue gs : ee : Me wea a7 ae ee oe Nagi; - a, 


Fo he Us © NAVIFRADEVCEN 69-C-0207-1 ns e 
- a : " equations consumes ‘a large’ amount of computation time and . . 
ms yy. «, general ‘effort,’ a different approach to determining, charac- 

“ -_ teristic yehicle motions will be used, eased, on the accelera~, 

tions measured -in, ache : ‘vehicle. - ~ 1 . oF 


, 


’ . 2, : 
’ # e ; The, accelérations seine land vehicle ‘are a ‘func=: , 
. ~ tion of the external forces. or moments, and the vehicle mass s ee 
oe — JF inertia. These ‘QcLude steady-state and momentary accei- _ 


: erations.” _ oN tl. yy 


ach 


3 
. 
a * : . 4 x. 
ee | | a ied . 


“oe a given vehicle the. Jonzicudinal. cee tea lon is a a 
we _ funétion of’ tractive effort, coefficient of friction and the - , 
''  ,+,terrain grade. Of all. the land vehicles, the high- performance wg 
_ automobile has the ‘highest value’ of ‘longitudinal acceleration ge 
, with values recorded: in exééssS of 1.0g, .This is due, to. the’. . 
2 actual coefficient of frictiorm being ,in the order of- 1.3 due ‘ 
- "cogging" bétween the tire and road stirface .:- Similarly , _ 
ao cornering ‘ability. of, an’ automobile ts, among other things, 2 
Ta £unetion ‘of the. coefficient of ftiction.: Thus the “lateral 2 hee 
e F Paks for a racing’ car can exceed 1. 3g. Tests -per- a eee 
“formed, with the SD45 locomotive showed that “the maximum’ Iongi- | ne 
Re Fe Be “tudinal acceleration was 0.222 with: & a value of 0/263g« |.” ry 
: - _in. patetal ‘acqelgration.. a ; 


. x 
te 4 


‘ > a * ’ 


, eee ea In. general, “Land -vehicles, do. fot transl ate vertically mee 
a a _except in résponsé £9 ‘a See in errain that’ causes i, 

4. ave acceleration. ‘For 4 highsperformancé road vehicle — 
“+ ..at ‘maximum eleration; a; 95%, grade may. result. in a minimum - ©. ~ * 
; ae Vertica} acceleration of about 0,26g, For the SD45' bocemy eve —. 


we 7, te bhe :max imum vettecal acceleration was, 0.13g. 


3 . rs 4 igi OS RN —— 4 ota ae, 


a, og * : : es 
ig ae _The> momentary” ‘accele#atiors ‘méasired, dur ing the-traverse ns 
ee of variable ‘terrain ‘result ima power spectrum being. génerated. hy = at 


a During the ttests conducted: by the’ U:'S. Army* faite dei a a ee 


m FF “Laboratory (433, a number’ of subjects were asked to drive’ an {.) f+! 
eae “> MQ0AL tank over, coursés at ithe Aberdeén Provin Ground, The . 
b ae” , - foot -mean= square, average: ‘acce leration, tolerated by the drivers a a 
; = a was about 6 25g, with maximum values o' 2.28 to (3g. ing Reactant Ce ee 
pee Thé' power spectra for tests on the Fort. Knox: dr ty. ag range '- say 
wi “ft. indicate Rae 10 Hz the yibsation: power | is about’ 0.3% of Pe es * 
Pos the. imax imiam <p wer, ‘and ‘that at 5,Hz the power'is about 30% of ae 
neg the maximgm, ‘powe yx 78 train the max imum shock measured; res 
Se during Bros ear. handling was, zB in the longitudidat anhgs - oe 


ee 7 2 notdal ly} a/latid: Yehicle dea, xelativelystable. vehicle.’ Vo 
7 kaw. ag hpaee. 48. bbe. ~arigle between "the: vefitele Home tiat tet ae: ee “ 
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on . pe . > So ~~ « ‘ - ie Ree, ett . 7 cers : : 
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Pe cg © ‘ : o aw = wh os = sent ¥ : 
S ee: i e - iy, 2 3 bd ba -? na anver rs 

ia aac Poe > i - Poy 14 z ~ pee, ae 2 ve x si > att, 
awe Ns ec ny te Oe ee gg ow Oe . ‘ : 
wel cl : a. L ee . - a pe : a A 


‘ e 3 fg tee Oe ds 
e : ’ = : : os < i ‘ é 
; 7 ‘ 7%, 4 : e ’ > a 
« _-NAVTRADEVCEN a ~0207- “l ae Se 
2 and eee airstream. direction: is generally ‘small ‘unless . 
the’ vehi¢le is skidding, . & skidding vehicle- can experience, 
almost ee 


limited yaw.. However, it is not* anticipated that =" . 
the ETSS will’ have a requirement for similat ing an excessively 
: skidding vehicle, - “Air<cushion, vehicles (ACV's) may require a 


os crab angle pf up to t7 Beerees in - ‘a 3a kt ‘wind ata .pround at 
speed of, 100 Kes = 2.8 ee Bee ~ ae Y s ; 


During ne. sare there” aay be sccletens a 
when the grade excegds "100%, which corresponds to an angle, ae 
of 45 degreés. The land vehicle ‘under Normal ‘dynamie, condi-,”  -., at 


) . 7 tions does ‘not &xpexience pitch angles of much more, than 20 " 2 : 
oy degrees . Recent films of the MBT 70 taken during. demonstra-. - - 


“ Of tion trials indicated a momentary pitch “arigle of about’ 40 to e * 
50 degrees. As @ result of the gradiést,: the rolt angle may. ; 
-iequal or exceed the’ gradiemt when the vehicle is driven trd- we” 

- verse ‘to the stope. ‘Therefore, cross*countr¢ véhicles may + ote 

. experience roll angles of up to 40-50 degrees and traigs. ct a ‘ See. 


“7: “have’track beds ‘banked at up. to 30 degrees. i so ee rs cae 
me a i ievelicie wot ien ‘tehutretvents. based’ on the Foregotag, : saat me ae 
® ses congidef ations are tabukated asy. . OF ae se a ae 
oe f* ne OR 2 2 ; a ae ee ey we 
ee Long ttiidinal Accelerat on: : 2.2 saa So mn | a Oe 
~ : ge r uit ae ; - om .- ? ; _ +? te ; ee ~ 
te -Latetal Acceleration ,- “1.3 g. (rms) ~ gee oe ae, ee 
e . ad . > . : : , i a : ° a _ ee . ca ck : ona ri . i ce . wa 
' es ws s . - ; a a ae ss eg . ‘, 2 . . ee : 
ae | ae ‘» » Vertical Acceleration ~-.°3 -g (omsP .: Si. Soe 2 ¥ ye 
me * e . * ‘ : r 7 = oe a ‘ oo mie, saad =z i i bee 
- , “Pitch sed ae oe pp OPaeE Tees’ Oe ae ee 
ia . = . . . ss . > , _ «st : we ol ~ . “ Pe 
2 errr RolL, angle’ : tae. er eee 30. degrees i ae : 
a ee ae * i rie oe oF + 5 ae 
- Yaw ‘Angle’ - Sp ee ae ee Bodeaese) ne 
" ms a > * : . 2 on a s 
Lee the Visual Perec eieezcs af Land Vehicles. A re ie 4 4g 'g 
Z -systé&m, for: land: vehicles has, certain features that make it - fee | 7 S 
‘ee 2 different from.-that for seaborne and. airborne vehicles, a Me oe. Bae 
aa 4 “Typical of ‘the vehicle: ‘types pre’ the, follawing: ee Fe PO 
ae - Z ; 1. , Passengers: cars operating on roadways i an Se ; 
: " ' , 2. Buses operating ‘on roadways pe Sey. Mage pS 
a rn “Trueks carrying freight, on “roadways a ae 
-- a - # . x 4., Trains 7 4 * ees & : re : 7 - me 
. 6. “. ¥-. poe. Créss~epuntty’ vehicles + a eee ea eee a 
s Raa 4 6 : . 


we Tanks oe 4 ‘ wo ae ey '8 
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F 2a 
- AO cp ie Air eashton, Vehicles . ee ae . @ 
et & wees “Nonvarticulated: “erags- country Nehicles i 
By % b » ra . 1" a Prin : we : e ht 
The -prime dterévence: between the. visual vequitenents hye 8 
‘for land eas and those for air or seaborne vehiches is 
one Ba that ore v sual horizon fs eeeeralty. very mach: “ehoser % 3 A oe 


; 
* % we es 


For an andiysis, of, the visual requirements. “the. akes. 
‘ gories’ of, passenger cars, buses, trains, trucks and air cush= | 
'. ae ion vehicles will be classified as one group, cross*country 
+ vehicles in another group.and‘‘tanks in another, “ACV's may 
pe also’ be’ Classified as ee Ms tara ae ae 
7 i ; a ae my a ; : 
S x ee It is. customary - to ‘operate cars, Bee trains, ‘and some : 
‘ACVs, of some, form ‘of roadbed‘or track. As a result, the ns a. 
. ‘vehicle is _codstrained to a-path that allows little or no ex- 
. eursion from-the desired “path without resulting in seme form 
»’" ', Of damage or injury. “The image content, apart from thé road- : 
7 bed or track, is. generally ‘composed of buildings’ dther Vehi= « ' Ae 
",* cles, the’ open. country-side and vehicle signal lights. For 
' cars, trucks and buses, the prime item of training is one:of 2 
ae driver familiarization and vehicle lade It is generally, , 
a ae assumed, perhaps incorrectly, that ofice the subject has , @. 
ee 8 masteted the’ trials-and tribulations of controlling vehicles “ : 
~ .in congested city streets, he can also operate safely on the i ; : 
" ‘super- highway, and the. open: road, "AS a. result, t ining . . eae 
 Omphes ts is on’the congested: city role’ ‘of a ons. Since .. 
.the ETSS is intended o have e tley le cana ltey, it a iptes 
a ercomers Both asped s “of driver training « é ; a4 


¢ 
Se ‘ ., 
e oe ~ , 

- _ . . . 
a ‘oe 7e ef, . 


se 7  Iteis* anticipated ‘that the’ future. ACVs eeascsed for the, | 
; : land based, transportation’ systems will be. ‘gid on some form ' a 
"of track? ‘Therefore, to. all intents. and puizposés, they will ~, ; “s 
oe ‘have chatacteristics: similar ko, those of trains. . The visual . ‘ 
-~ ‘requirements;,, therffore, ‘have to allow for, control’ of the _ 
- .° vehiele.on ‘clear. and’ ‘free .track- as well’ as confrol of” the — 
_* vehiéle- ‘during “stdtfon arrival and departure. The image eon- 


« 


se 7 -- tent for. ‘such, a situation consist& ‘of the ‘track, a@head; the. ae 

ga oe néarby ‘trackbed,, the surrounding scenic view, ‘station ‘bubkd-° = 

oat ‘ings: ‘ang vehicle s,aigaal, lights. ” - on ne es Fae 
ve ie. with. ‘the exgepbicn of” ‘ligntty: different ‘modes of opera ts 
“ * “thon, image‘contént ‘ig-essentially similar-fo¢ vehicles riding’ 5. 


'. a ‘track and -commerci1 ‘whee led: vehicles, . In “both Situations, sk 
ee ae thedriver is seatedsin, a compartment with a View. to’ the frpnt | r E 
Pot. oe 6 and to each side.. A. ‘field of view a “pt: ‘least 120, i fenseoo fs 


my. 


“Se 
. 


* 47's mer con _ SARS 69-C-6207- 1 * nae 7 oe *e 

i . ‘degrees by: 50 jevercal. ome should ee provided, since ee 

@ experimenter evidence’ indicates that judgment ; ‘of speed and: . : oy 
ee * position.. -is.a function of peripheral vigion and not entirely -".. , 


ane ; of ‘the view immediately in front. It is.also important for 
° ., the subject to be able to respond, to colored signaling devices. 


* 
rt % 


‘The image eoatent of the visial scene for vehicles of 
— grqup may contain anne or all of ithe following elements: 7S . 
: 5 ‘ Portion of vellveie ectorward vision 7 wt . 
+ 7s , s22) The’ road or trackbed a id ‘ . 
. : 3. ‘Signal Light's “on stationary pieces. es 
= ‘oe 4,°Signal lights on moving ebjects ~ . . * es 
5. ‘Local structures, -Bultdings, etc, 
; 6. .Scenery on either side of the “Open read or track 7 . 
ao "ade Moving vehicles a oe . -* ‘ 


= ‘Because of the cSuatreiice on the freedgm o£ motion of 
ee this group of vehicles, the visual ayared AEE -be of any of 


. the following types: ° = ; be 
: “™: 1, Point light’source © 3S ae  . ae 
; ' 2, CCTV camera-model a . yg 
@ ee . 3. VAMP {or motion pictuie ‘ film). . ‘ . 
4; Digital electronic image generation? hee _ ; 
“ | | The choice a system would be based priinarily. on system 


7 flexibility,’ visual’ system performance, cost: and reliability © 
: ' "considerations. Characteristic performance. parare tots for 


. . « this. eae of vehicles are ag follows: ae . *,. 
Longitudinal "yeiocity : “10. to +200 mph : 
oe, Lateral velocity * — £5 feet /second oe ee -—T 
. on = : ~ “Vertical velocity “ + Ss feet /second te a 
a ga ba Visual. range | - - . *. 30,000 feet a oe oe ; 
om ae te Roll’ : en i _  & t 20 degrees : 7 z = “* 7 7 “« 
oe Pitch -:, ee. a +5 degrees ' a 
, ae . ", Yaw . _ 7 “+ Continuous * s, a8 
Poe we a. “Angular, rates © S ; 70 deg/sec (yaw) ’ “ - 
eo oD) a i ‘System _Fagolution ; 2-8 minutes ee are . os Pa © a . 
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Pa Fhe’ class of cross-country vehicles ‘comprises, all. ve-" ” 

hicles primarily designéd for cross~country applicatiohs, with , 

exception ‘of, ’tanks and simikar tracked vehigles. In general,’ 

, this group of, vehicle's shares mdny-of -the visual requiréments 
- of: track vehicles, The. field of ulew requirement is the same > 
“since ‘the driver is seated.in a cab with a windshield motinted 

in.front and windows at the side. However, since the vehicle’ 

is designed to be operated “in*a cross-country envirénment , 

it is essential: that the terrain be visibly reproduced and 
that terrain, undulation be accounted for in the motion equa- 
tions in order to simulate the cues that are critical in - ~ 
driving a cross-country vehicle. The problems in defining a -. 
visual system are similar to those for surface vessels experi- . 
éncing wave action. ° ; 2 *o. 


cross-country vehiclés: a . 


. 


Three visual systems are theoretically acceptable for 


+ 


I. Motion’ picture (VAMP) system: 


2. ‘Transparency reconstruction system 
fe 


—_ -_ oad - = = 


3. Digital electronic image-generator 
’ : ‘ % 


* 


In each’ of these, it is ‘necessary for the terrain fn- 
‘formation to be present if motion is to be considered, .For 
“the motion picturé system the terrain information can be 
added as additional data, on the sound track.. For the trans- 
-.parency reconstruction system, ‘the terrain information is 
alrealy present'as a density funct‘ion’on the elevation glide. 
; For the digital electronic image generator, the.terrain in- 
'  * formatign.is present in the form of a math model. describing 
* s the terrain. Since the transparency system deteritrates at _ 
small “elevations, only “the motion picture. and the digital =<», , 
.. electronic image generation systems remain in cogsidération , ‘ ' 
for this application.- A motion picture éystem has high ‘image’ 
resolution compared with the digital electfonic systems! how-- 
“ever, thd-path is severely - constrained: By perspective distor-. 
wtion effects. The choice of system thus:.depends on. 


off of versatility. versus high ‘resolution.’. ; 
. | There are many factors that ‘favor.‘a color - 
father tHan, a black and white presentation for’ a + rs + 
": visual system: Mgre intelligence* may be derived from a: colored | , 
“2° -seene, sincé color allows an increase Scale of discrete :, ae 
~ a: te - oa oe n ~ . 


: . 
a, Cte aaa! : x fo. tet sy, 
. = ee Sc 8 t 


- 7: 


—— « ; oe ae : t . \ e 
ee ee” ‘NaVTRADEVCEN 69-¢- 0207- es = 
@: : neh eosic ie yeluee ‘when compared to *the. black and wie gray 
: ? ". scale. (Spatial Data Systéms uses a color transposition’ of - 
4 ‘ **Blaék and ‘white photographs for vistal ‘analysis.) ° Further 
; 2 . discussion ‘about the benefits of. a | color presentation may 
“be oe in Section. IV. , n uf 


me - 
Ae . = . . 


; Gharaceerietie performance parameters for'this, group 
+? OE yenselee are: ‘ . ie 


Je : ae Ue 
Jone ieudinar velotity - -10 ‘to- +60 mph 
. : Lateral-velocity ; +70 feet/second _ 
. ae Vertical. range _- . 1,090 feet” = ee ie = 4 
Visual range : : iF . 30,000 feet -. ; ; 3 
, : "ROLL «8 . a ‘460 4degrees eg : ‘ne 
Pe . Pitch ° ; a , ee “460 degrees me Y = 
A f . : - e . a .* 
me Deine Yaw ee te —- a at Gone irucus - oot ee. St ee 
®@ : a _ Aeadlas: ne : : - 40 vee (lg. turn) . ‘ . 
; oS “  * ‘usygtem-resolutidn” -  # 2~6 ‘are winates . 7 4? ee 
5 a6 . attr, Z 
= Field of View _® 7 120 x 50 degrees . er ‘ 


. a; -~ 
, - ’ . . 


: Tanks a other tracked’ combat yéiiteted are esséatially 
; .a “combination. of all the.other, vehicles plus certain special ~ 
7” . ‘features, -When a tank is"but toned-up, ' the crewmen view the . me es 
qutside world through “vision blocks, periscopes, or panoramic ow 
_ 7 sights » which have restricted fields of view: .The view'in a a : 
s . typical tank’ through the vision blocks generally subtends a a 
ae horizontal angle of 60 degrees and a vertical angle of: 30° ‘de-=" bea 
= grees, ‘Ta the past, " the ,majority ‘of tank training has been - 8 7 
‘done: with ‘hatches open. and little training: significance.has © | 
begh- attached to’ the huttoned*up.- role: of Operation, However, ; 
+- ‘the modern. tank ‘is “designed | for extensive Operation-in the .,° ; . 
' NBC (nuélear-biologicdl-chéemi'ca})' énvironment; as-a result, 
_ tradning emphasis will necéssarily shift to .the’ buttoned-up .” 
‘3 ‘role. Therefore,’ the. visual System: should be designed prime 
7 arily, for the devices through which’ -the ls aa the out- - 
ies side world, 0-6 8) eet a 
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. Tank crew training involves train 4 the driver and the 
gunner. Crews must also be traine¢ Sperate the systems at 
the tank commander's position, Each member of 'the crew re- 
. quires a different aspect.of the image content of the visual 
scene, as depicted’ by the following Structure> - 
- ae * yg - -. aw COMMANDER POSITION mo, 
am 4 “ALL aspects of ‘the dviver' s "and * = 
; * ot , ~_,gunnet's visual. SYSTEMS; a a. 4% . 
— a aa ¥ 
te 7. BANK: GUNNER | of a TANK TANK DRIVER. i, 
4 es j a aa os . ce ee ve ' 
4 “ "L. -Target(s)., °. | a Portiéa ‘gank’ th fore- | 
al As : xo : - hie, oe oe ground udiew. . 
, ° 2,.Cultural detail - _ z. Terrain’ eharacter 
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Ay 
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| Be Egploding Projectiles 3. Other vehicies “ = bee 
me Gao Migr te Eepes 5 Feet = “Guitural detatr so 
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APPENDIX I: 


- 7 MOTION SIMULATION ~ as 
Motion system cue philosophy is_formulated, hot only ~ 
on what facets of motion information transfer the designer - 
bélieves to’be important, but also on the fact that in a m 
vehicle simulator the‘motion base is constrained in ‘terms so a 
of acceleration, velocity, attitude excursion and positional: ° . 
excursion capability. Thus, compromises in the design of ".. , 
specific-systems must he made, based on the specific ‘require- 
" ments imposed. by the particular skill, skill. level and trains. 
; fing setting under consideration. These compromises require’ - 
Bg an experimental setting for the collection of relevant per-. 


’ ~ 


o ‘‘c@ptual training and performance data. 


é gene 


Lo Motion cues are associated with translation acceléra* 
’ ‘tion, sires eae acceleration and attitude changes. It is 


believed, with reference to translational acceleration, that ee 

the onset phase of the vehicle-acceleration profile contains 
Se the--valuable portion of the inf tion transfer associated -:~ 

with that particular acceleration profile. Relevant data - : = 


are also contained iff vehicle wécelération profiles’ of long. 
-@ . duration,’ or sustained "g" manepvers. * fee yg oO ee 
L ao .] . i 
“In simulating the onset phase of translational acceler~. "4 
ation, the motion base is driven in a mannef Which, with the ~‘ - .° 
oe tae associated mechanical constraints, causes’ motion‘ base accef- te 
: eration onset to be in phase’ with vehicle acceleration, 1. . | * <« ~~ 
Where the vehicle acceleration profile exceeds system capa- 
: bility during this phase, appropriate "scaling down'} is em> © ° °- 
“i “- ployed. At some point in time, either system velocity or.’ ; 
4D positional excursion capabilities may be exceeded, due’.to* 
roo inset: phase simulation, causing ‘cue termination to oceur. — ee 
“.,  ‘d)nder extremely low-level cues.this excursion may be an ap- Shag ae 
_@, ©. preciable duration but short in comparison to many.veHicle,.. *-.°. ~. 
=: acceleration profiles, ©“ - . a, j Be ig eel, o 


: . x . . oA? on ny eA 


Sy 


‘ 7 4 * *, : Cot te ig. ee 
ya In order to simulate these long-term accelerations it! © .° ~~ 
“+ | {is necessary to "tilt" the subject; so that the earth's ;.g -'. +  -s 

“gravity induces a feeling of lateral acceleration.. It is‘: .-~ .e@, © 
mandatory that ‘the rotational acceleration level employed in ° : 
’ .such a ''tif¥ing" process imperceptible to the subject,.lest » ine Se 
. « . he confuse this motion with vehicie rotational acceleration.- 
» *+* ‘This application of motion base attitude change hag been, . 
wot.) | termed "gravity align" ine that the apparent acceleration . ~ |.‘ 
- > 4 ty se re  % 

i ae sae = fe er ae 
- 5 Be : “ : a ae a8 — ue. - ey : Be a 


ae Re . ee = vy a4 


* . Z : Seo : tee 


oar the - -gravity-align attitude. 


'_. “turned to zero_ subliminally,. since a. 
‘= accelleration: direction never 


. the importance of rotational acceleration and tattitude, 


i After! cue fermination;, 


5 


“4 


%, 


me podectlon thereof, is displayed to the subject. 


- effective and slowly causes the 


' frame parallel to “the-: yehicte body* axis a is caused by © 


wh 


= , 
* 
/. 
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Pie é 
a 


» Aer 


Vector’ as. computed at’ ‘the trainee station, in a referboce 


thotion base atti neident with’ the 


ee -reorientation tO “be .co 
lecal gravity Wector, «The apparent accelératio ‘vector is 
- composed both of Vehicle. CG translational acceledation and. a> 3 
, the induced translatiogal acceke ration experfenced at the’ ‘ _— a 
trainee. pie as tovehicl © Fotations.. a ey. owe ty 
2% oe ae : 
: The varied dtinhal acd Statins cue simulation. results, - Rs 
‘ina Velocity tevel’t at\must be re+ - 
washout") at sublimingl a eleration : : 
The resultant position excursion t also be res. 
priori knowledge of ue 
exists —. and the most advantageous 
position for -thée motion base during quiescent periods is there- ..- 
fore at the center” of the excursion sphere. . oe m= 
. _7 
“Rotational ‘accelerations arid attitude conditions: are «4 
to be handled ina somewhat different manner.- The. reference : 
attitude to which the motion base- should: return is considered. 
‘This tends to subordinate the’, 
- gravity-align reorientation’. to that required by rotational 
acceleration and attitude, simulation, This is indicative of 


_-duced to zero (i.e. 
levels, 


. oo. ‘ 
. 
sat 


he 


ee 


” 


. ¢ 
. 


3 ‘When the desired ‘plat form attitude excursions are suai, 
the full value may be output; however; beyond a certain value. ; 
there must be_ attenuat ion 80 that: maximum vehicle attitudes, an = 
at. least those desired-for simulation, may bé‘*met within the r 


* méchanical constraints ePene. ‘motion base. 


“a ra fo 
———_—- ee 
. * 


The rotational ae ales on onset cue Ve provided, in’ 

a one-to-one fashion, as the motion base begins to track 
vehi¢le attitude; Likewise, the rotational deceleration cue ls. 
present as the thotion base terminates the. réorientation “maneu- 
“yer. : Upon termination, ‘the correct véhicle attitude, ors | 
‘It is import-" 
ant to noté that man's ability to establish attitude precisely 
becomes increasingly degraded as attitude, increases in magni- ;,” 
tude ,when' referenced to the, horizontal pLane.,.. ° Therefore, .the- ° 
attenuat ion’ of attitude maneuvers beyond the.“suggested +1100 ‘ 
should slot jeopardize simulation. At the conclusion of thee 
rotational’ maneuver, the regid al gravity-align rate Becomes 
tion base to. drive in that 
direction, maeeh aids the sense Oe continuing translational. 
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a ° aeceleration: . “Because of ‘ this; the. rotational acceleration . 3 ‘ 
© ; and attdtude gcheme does “not require, as is the case-with | . : 
' transilat onal-acceteration simulation, a formal velocity and 
: position. washout: ‘scheme In that gravity-align maneuvers 40 ' 
i “not require yaw capability, rotational acceleration, ‘gimulas , a ‘a 
tion resulting in. motion base yaw is folldwing with a. pseudo eS 
gravity-align rate, which nuils the yaw ‘displacemént. - os fe 

An additional face of -the motion cue -scheme involves i 
that period ‘of time during translational . velocity ‘and’ position: Ye 
- washout. © Since cue simulation has been germinated due to the - * ; 
en requirement of -subliminglly elimiriating. the reswit ing; velocity ee ees 
i. and ‘position excursion, itis not- ‘possible: to accept an addi- . oF 
ae & - tonal cue in this direction. -Howeyer, in the qourse of - 2 
—- _ either washout, an acceleration profile can be ‘accepted which -¥ 
ere would” aid the ‘washout process’. Phist type: of. cue would’ be aoe 
ee termed a "reverse cue" and since motion may be, oscillatory: in. 2 
Po nature, application of this’ principle: rage a scons idexabte, a 
si Blog increase (of cue coverage. “ ; - - 


a 


Many vehicles have oe unlimited exéursion capability 
iy and large acceleration and velocity capabilities. In a vehicle. 
+ «a °. Simolator realistic motion cues are-provided with a motion ~ 
& platfofm that has meager capabilities .when compared to the . °° 
IE ae, actuat vehicle. Therefore realistic cues met be- supplied -. 
EE aes “while: ee gee a motion system that “is reascnayly sized, i: ; 
Md Ee aba cy BN ro beg Re aes 
ne elt is. important to bear in mind that the actual ‘giceratt Cee 4 
:, tranglational acceleration onset is to be duplicated. . Because - . 
~.B£ velocity: and*éxcursion constraints the trans tational cue, oe 
/ , ** duration, although covering what is believed to be ‘the most” _ er 
Pa ip Sr oe of the acceleration profile, “48; ‘SE short dure, - 1," " 
2 & ation, A.gecond ‘cue following shortly after the first ‘and ih -, 
a ,’ ‘the same, direction cannot be simulated in ‘the. -Sape .manner, ae. 
‘3, 41 {thé first. because of washout consideration. ‘Theilatter  - ° oe vo 
J ae litigat Log~ carr, be nullified to a certain extent, if necessary, 
Des ee by: the igelusion: of a translatory "jerk" simulation capability... =. “ 
ar PY whic h:would be available when ‘washout i8.in progress. Such.a .-:. : | 
vee Ye ahifingsacy simulation, althdugh’ Legs refined and somewhat '. 8 sa a 
tas  in&ecuraée, wotild at least’ infotm the subject of the presence . | all 
: fo, Ge’thd seeond, gue. This may be especially important when the -~ .; 
a ‘Bgeond: ae ifthe | result of a oe mae ia ath 
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A i . :* - . Ls | 
“ av a a2 The gtavity-align phitosophy is Limited: te S -ceteata rs 
rare Jepxtelit. since the. gate of motion base movement due.,to gravity~ = 
4 te p align’ ‘considératiéns ritugt be ae as” ‘subbiminal. Ae #. 2) 
2 oN Ft 4 ee : Hn he 
NENA ‘x if bs , ' a : 3 : ae .. a: Og Be ies 
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oe” @  gesulik,, there exists, a ‘lag? t me between ‘the onset ‘and ‘tthe ~ 2, @ 
'  ” dupifcation of the continuing acceleration. This limitation a ; 
, , is-not considered severe because an immediate exact dupbica-. ° : 


2.’ tton of the “continuing acceleration” magn itute ‘tiny. not be re-,. 
quired by the average subject. ‘It is mentioned as‘a Limita- = = ¢ 

tion becatise of the fact-that one-to-one acceleration corres ~~ eS 
a spondence is not available during -this period and the absence. 
of’ such a condition may-be aioe by some individuals... an 
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tie ° 
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- ‘Rotational accelérations are limited in only one aspect, 

- . AS motion base attitude excurston increases from the normal ~ 

“horizontal position,: increased attenuation in attitude reori-, 

“- "+ . entation occurs. Since the attenuation .occurs in positional © 

; ' . output, it follows-that the: resulting acceleration le¥Vels may 

- ° . be Tess, in this region, than an exact duplicate: of the air- ; 
craft’ rotational Bceeteratson. 
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: During the parted’ of cue simulation a number of demands: °. j 
are made of-the motion. system hardware. There are two basic. » a ' 
types of motion base hardware configurations: fully cascaded «. =; 
systems and fully-synergistic. systems. The former employs 
indepetident drivers or prime movers for each degree of freedom 


io 


™ 


desired; to "stack" these prime movers, in order to possess 
more than one degree of freedom, is to cascade the’ prime 

_ movers, - The Latter employs one or more prime’ nidéVers .which 

‘ » affegt more than one,-or all, degrees of freedom desired. 
-{s necessary to coritrol-ail éynergistic prime movers to‘ abe 
. tain motion. in any, one degree of free dom.. Various comb ina- 
. Phong of the.4above. two extremes are used in current motion’. 
base Hardware .., 
“tations. 


serve oO ‘unused. capab lity: of a prime mover as#ociated with: 


te 


Each of then has unique advantages and 1imi- . 
A cascaded: -system' s capabilities are precisely known - 
“and: easily- predicted at every point in pime + however,” the: re- 


one given degipe o£ freedom cannot “be employed in aiding: the. 


- requirements, or’ demahds , made, on ther prime Maver associ~ 
ated with a different dégree’ of freedom. Cascaded “systems 


requiring,- in getieral', a-larger: energy source ‘to equal the 
gam@ ‘capability as with the synergistic. sygtem. ‘Cascaded 
-Systeins aré also Subject to vikrational, ,probiens among the 
degrees of ofreedan. ia 
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” Synergistic. ajereas: “although ‘sonetihat “Lighter, afd: re oe 
quiring smaller efiergy. demands, .algo have definite Lister tone. 


\ are generally fairly Bulky and,, more Amportant, heavy systems 
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movers ‘nay be devoted_ to causing mation fa’ any sige daeres ee 
T oF - of freedom. This advantage is décompanied by linfitations ~ 
= where a demand of one of the degrees of freedom compromises. " 
" the capabilities p¥eviousiy elias in any. of , ale “# 
- 7 SeErees, of’ preone 
% ~ vA ‘wide variety of eedoes plemmacacians ies astion _ 
‘ system platforms exists. Atk implementat,ions cause ‘the motion’ eos 
a - platform to move as the result of. actuator. movement which ‘ig’: °. - fog 
-gontrokled. by.a motion cue ‘math mode program, All implemen- . 0 * 
station tiay.: be, encompassed _by. the cascaded and synergistic we es 
"systems . previous Ly. mentioned, The following paragraphs out-.*- 
line various” ‘possible’ motion platform ,configurations together i 3 
* a owith the drawbacks -f adr system, . : aera 


eu . ~ . +. . + 
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%, of a re oe 
Pe Another: type is a‘ “synergistic system, ati 1izing® oe F 
...., rotary, and linear actuators. to achieye..the desired mopion. og SS 
: This systém used three rotary. actuators with three linear - 
‘ *a¢tuators: .each rotary actuator is supported by-a linear . nee 
ao actuator, The linear actuators are arranged on orthogonal : . 
; . axes when the system is at its equilibrium point. The system | a lg 
Le ee is represénted by Figure 27 (Page I-6). This. erce bas “some res * | 
2g design Limitations, summarized ROReWE a 8 
@ - The system relies on-rotary actuators to provide raey 
‘ motion.” Fora ‘platforw 5 with @ good rotational response the fo. 
-+ Yotary. actuators would be very largé and heavy. - Also the * See? 
-*" servo valves to control the rotary actuators are slow acting = 
if the desired. mass flow a achieved.» ts i dy nie 
"The mechanical’ déstun of the: coubleed iideer actuator. ey 
and. rotary actuator is an area beset- with many. problems; . The ...0 7°. 
: ‘rotary. actuators have. to support the thrust of’ the’ linear ~ 
: : “actuators, causing severe design problems in the Yotary ac- \ 
- ? tuator, The rotary. actuator and the: hydraulic’ ram'of tHe * 
‘ linear actuator would have to be mechanically coypled, so as ; : 
- 'tO transmit rotary motion to-the- ‘platform. In order to sup- : 
'_ port the platform, -the linear actuators would have ‘to be’ of 7 
massive proportions, sifice a single actuator may be required ; : 
. . ‘tO support the total mass of the system,” Such..a system is - Es a 
"> ‘beyond bie, ‘present, state. of’ the art. ~ - 


“ 
so, al ‘ 


gy rigure, 28 © (Page 1) shows the general. arrangement of a 
, cascaded ‘system, The simulatian station is enclosed, ina three-" 
, axis gimbal-ring supported by a two-axis table ‘which in ‘tura is... at 
is sea by a number . “of vertical BELUOEOres This: syste. has,: oe 
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ea pire 28. A Cascaded Motion System Combining Linear and % 
Rotary Actuators ~ . 
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‘the same failings in regard to the rotary actuators.as the 
previous method if a good rotatiqnal response is desired, @ 
However, with the exception of the vertical actuators, only 

:. the lateral linear actuators “have to be centered with the - + 

Pf RORCES due to accelerating the moving mass. Because of the . 
magnitude of the mass required to provide track-way for each. 
lateral -axis, however, the linear actuators have .to.be corre- 
spondingly larger if.a good acceleration response is to be es 
achieved, An example of a large -system of this typé is the — 

NASA Ames Flight Simulator for Advanced Aircraft (FSAA). 
’ + 


‘A beam and gimbal suspension system is one in which “the 
rotary motion is cascaded and the linear motion synergistic... - 
Figure 29 (Page 1-9 ) illustrates the general arrangement. a 
This system suffers from a number of disadvantages, all.in- < 
volving mechanical design. : : ime 
— : . i & 

_The system relies on rotary actuators for the three‘ , 

' rotary axés, These actuators tend not to have sufficient - 

- capacity to produce a good rotary acceleration. Because of 
the cantilevered-beam construction, the dimensions of the 
beam must he of massive proportions to resist any bending - 
moments; The gimbal . rings must also be of massive propor- : 
tions to contain the simulation compartment. The total ‘moment @ 
of the ‘beam and simulation compartment is withstood by thé 


of very large dimensions to have a good translational -per- * 
formance, Difficulties may result in this system due tobeam > 
__resonarice, which -may be compounded by the variable beam length. - 


Translation, which is synergistic is done by pivoting 
or slewing the, bean, extending or contracting the length of - 
the \bfam and compensating the beam angle with an equal rota- 
ti¢ al angle. e - oss a! oy 
r, | This system is feasible for small compartment weights, ° 
but is totally impractical for compartments of 20,000 pounds . 
.or over. oe = 
Lea 


a synergistic six-degree-of-freedom motion system utili- 
zing six linear actuators is illustrated in Figure 30 (Page’ 
1-10. The platform bearing the simulated compartment,crew, 
and visual system hardware {gs supported and driven in transla-. 
tion and attitude maneuvers hy varying the length of the six- " 
, hydraulic rams which support the platform. Each ram is 80 po- -. 
° gitioned and gimballed at its platform and floor a¢ tachment 
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! two linear actuators Aj and Aj. Consequently, these must be . — \ 
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‘point that within the normal operating limits and ram atti- 
tudes no constraints exist in extending or shortening the 
length of ‘a ram. Changing the length. of @ ram results in a 
translation and attitude. change of the supported platform. 

- “Such platform changes always occur, but the nature of the 
change is not easily. predicted. Conversely, to provide a 
known translation and attitude change, all six rams must be - 
taken together and the exact ram length, as a function of - 
time, must be predicted. . 

The linear-actuator motion system possesses a aibes of 
advantages over the other systems described. The most notable 
one is that no rotary actuators are used and hence the rota- 
tional accelerations may be considerably higher. Since all 
six actuators support the platform and cause all attitude and 
translation excursions, the actuators may be smaller than 
those in some cascaded systems. The system shown was built 
by Link Division of the Singer ‘Company for use in Boeing 747 
and Lockheed EOe aircraft similators., 


All of the foregoing motion systems have. a six-degree- 
of-freedom capability. For special requirements, one or more 
degrees of freedom may be eliminated by changing .the hardware, 
. or by changing the math model of the motion system cue program, 
There are many other tyBes of motion systems not mentioned 
which use comb inations fo) linear and rotary actuators. 


The problém of “synchronizing the motion and visual sys- 
tems with the rest of the vehicle systems is an importart one, 
Af high-fidelity simulation is to be achieved. Erg 
in digital simulation there is, always some lag which is due - 
simply to the fact that computations are done sequentially, 


” Since lag is unavoidable, it must’ be minimized through 
proper sequencing of programs within a computation, frame. If 
the programs are executed at a rate of 20 times per second, 
the worst-case lag time due Ee computation sequence can be ° 
ial ad to 0.05 seconds. ‘ 


: ‘an additional problem is due'‘to the.fact chat: usualy 
_ both the visual and motion systems use position, servos to 
‘drive their respective systems. -In ‘the motion system drive 
signal formulation, vehicle accelerations can be taken from 
the equations of motion of the vehicle - ‘and integrated twice, 
within the same frame tin the motion program, to obtain posi-: 
tion outputs for the servos. This is a.valid approach since 


. £393 
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the motion system is attempting. to give acceleration cues. 
The visual - system is somewhat different, however, because — 

- it provides position cues. A solution to this problem is to . 
use a closed-form integration technique within-the dynamic 
equations program for the second integration (velocity to — 
position) and output. this position to. the wesuel system, 

A method which can be used to further aa ees any. 
lags between visual system, motion system, and vehicle instru- 
‘ments is to synchronize all output signals to these systems 
when the required computations have been completed by output- 
i these aignals as closely together as possible, 


In vehicle simulators which have the transfer function 
of the actual vehicle control system simulated, it may be 
possible to generate a lead which partially compensates the 
" computational lag by eliminating some or all of the lag due 
to vehicle system transfer function eee ren 

Another cause of delay in the séeponee of the visual 
and motion systems is the response of the servos used to J 
drive these-systems., It is possible to reduce this lag by 
either hardware or software methods. The hardware method is. 
to include an electronic ‘servo transfer function. This is 
readily ‘accomplished for the visual system and for a "cascaded" 
- motion system. ‘For a "synergistic" motion systen, however, 
this is not such a straightforward matter, requiring the use 
of a software lead function throughout. The manner of imple- 
menting a software lead function is to multiply the drive ' 
Signal by the digital approximation of the reciprocal of the 
servo transfer function... The constants in this expression . 
can be adjusted so that synchronization of the visual and 
motion systems is assured, ' 


The ngeiea system may become unsynchronized when the 
mechanical limitations of the system are approached. If the 
motion system becomes unsynchronized because of an abnormal 

duty cygfe,-diminished cues or no cues at all should be given, 
’ rather Than false cues. This ,can be achieved by feeding the 
actual position back to the computer and comparing it with 
the commanded position. If the difference exceeds a given 
limit, the drive signal program can constrain its commands 
until the position servos catch up. 


System time lags can be predicted and identified most 
accurately during the design phase, and the methods discussed 
above implemented to minimize and synchronize these lags. 
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The motion cue math adel, as described, be complete ly 
general, It is'set up to compute motion at,. the vehicle: con~ 
troller's station. The vehicle controller's station gener- 
ates the desired motion cues congonant with the desired motion 
cue principles and generates the commands to the motion system 


Y 
. 


hydraulic servos. Once the drive signal model is set up for-- 


a particular motion platform, it can handle motion cues for - 
any.vehicle, Thé only changes in the model-from vehicle to 
vehicle are the constants which define the position of the 


* control station with respect to the particular vehicle's 


center of.gravity, and the gain constants which accentuate 

or de-emphasize the importahce of motion cues among the six 
degree of freedom, The drive signal math model is then’ 
adaptable to any vehicle by changing a few constants. Changes 
may also be made easily to’ accommodate subjective opinion by 
changing the gain constants which control magnitude and dur- 
ation of onset cues, as well as acceleration levels associated 


| with velocity washout and positional “'sneakback." 
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APPENDIX ‘J 


VISUAL SIMULAT ION 


Tindge generation consists of pioditcing organized visual 
data from the system's data source. A natural means of: gen- 
. erating visual data is to use a model structure. that faithe-. 
fully duplicates the: informational content of a real world 
scene, and viewing this model with a TV camera that is servoe 
controlled to duplicate the métibns of the simulated vehicle. 
The most serious technjcal disadvantage of the camera-model 
approach is the achievable depth of focus on the TV imaging . 
lenses, In practice, it has been found impossible to main- 
tain adequate focus from the operator's near field to the 
horizon during operat ions occurring © meee the surface. 


Recent: development by NTDC has pecideas in a pin-hole TV 
camera; using a low light level camera tube, which - ‘has an exe 
tremely good depth of field. 


Since the advent of vievsl ‘eteulation great. attoxe has 
gone into the development of point-light-source transparency 
systems. They are in theory capable of simulating the view 
from an operator station ef at least a two-dimensional ground 
terrain in correct perspective without the. ure of Sophisti- . 
cated electronic equtpmenes 


" Basically, this eechiadaue uses’a point light source of 
ae brightness which casts the "shadow" of a photographic 
transparency onto a screen in front of the: operator. The 
transparency mounted on a servo-driven gimbal system which 
rotates and translates to portray the motion of the simulated 
vehicle. The transparency is an orthophotograph of the ter- 
rain over which the simulated. vehicle maneuvers. The relative 
position of point light source and transparency is analogous 
to the position of the actual vehicle with respect to the - 
ground. 


The anitey of ‘the final eraneces image depends on 
severdl factors. The’ resolution of the shadow of the trans- 
parency on the projection screen is a function of the photo- 
graphic resolution of the transparency, the distance between 
light source and transparency (magnification), and the -dimen- 
' gions of the light source. The final image brightnéss is-a 
. function of thé projection distance and the total radiant 
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energy , eucpue of the Light source. The major drawbacks of 
point source systems have been low resolution (due to the - 
. finite size of the light source), limited range of simulated 
‘altitude (the minimum distance which is physically possibile 
‘between light spurce . and transparency), and the al bri ht- 
ness of the axe payed image. ’ 

“ During the: last few years, ‘however, technology has: pfo- i 
gressed in many areas pertinent: to point-light-source simula-_ 
tion. . Laser light sources are available today that are <, ..* 
focisable to an extremely ‘small spot with a brightness orders 
of magnitude higher than that of conventional" Light sources. 

_ White laser light could be generated by cotib ining three Ain- 
dividual laserts of different wavelength. ° The yelativély. 
gmall diameter (1-3mm) of commerciaily available CW ‘lasers 
permits. the use of extremely small optical elements to-form | 
the necessary image of the light.sourte ‘80 that the eye point. 
may be ‘brought gierseay very, ecene to the transparency. 


*The difficulty of setabbiehine the soveect vieains geom- 
_ etry so that correct angular relationship (and thus perspec- 
tive) is obtained between thé image-generating light cone and _ . 
‘the viewing field may, possibly be solved by optical techniques. 
The use of some quasi-spherical wraparound screen. or virtuale © 


image systems using aspheric concave surfaces of revolution 
may _ be possible. . tet . 


‘Unfortunately, quantitative, analysis of these soseibiiis 
ties shows that ‘the implementation of an advanced type of 
point source system is still impractical. “In spite of the 
high brightness of laser light, the achievable brightness of 
the displayed image will still not meet today's requirements. 
The power output of present commercially available (and prac- 
itical,-usable) CW lasers is in the milliwatt range. Even with 
the most efficient display optics, using high-reflectance 
screens, the resulting.picture will be very dim for any rea- 
sonable angular field of view.: Finally, point-lightsource 
transparency systems for visual simulation are still charac-. 
terized by limited area coverage, insufficient resolution and 
low image brightness. . 

Photography offers the most compact and efficient means 
available for the, storage of visual data. Systems are being 
constructed in which terrain information, covering areas: 
greater than 200 x 200 miles, is presented on photographic 
plates no more. than 20 inches square. The basic system con- 
cept consists of scanning the information contained on the 
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plates with a.scanning system which converts the photographic 
data: into a TV image. 2 : lo co. ‘ 


’ . ~~ 
‘ 4 t 


‘Phe basic problem ericountered in the construction ‘of © 
such systems is the relatively poor resolution obtained at” 
” + large: scale factors. This problem cannot be solved simply .. 
“+. by xeducing the Scale factor in existing systems, since the ~’ 
result would be an unnaturally small visibility limit due to” 
the restricted scan formats ‘covered’ by the scanning optics, 
‘employed. By designing a.scan system that employs a small 
scaleyfactor but variable’ optics to extend the size of the 
_ +», stan format, thé’ scan ‘transparency approach can be extended. 
“.. to achieve relatively wide area coverage ‘at..reasonable reso~ 
-" Jutiom levels.’ When such a techniqué is extended to include. 
the three-dimensional ‘effects of elevation information, by 
' + gcanndng.a second plate’ synchronously with. the prime-terrain 
storage ‘plate, a system with an attractive combination of 
wide filexibility-and reasonable resolution results. At the- 
ss prégent: level of technological development, ‘no three 
a . dimensional scan transparency has been built that provides 
‘af acceptable picture. — - a: 


. % - 
“ - fa) eo 


aa The basic characteristics of scan transparency systems 

© ‘= are that they provide maximum information content and economy 
| 3 sg@£tinformation storage, but are limited in their ability to 
-«". p-peyekate the ultimate in resolution when measured against - ~ 

' camotioarpicture image quality. 
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*, eo. . & motion picture image of an actual simulated maneuver 

" crecorded on hightresolution 70 mm color film is capable of 
%: producing’ the ultimate in presentation: quality. The problems 
.- of dynamic rangé” encountered in other mediums, which must be 


4 


“scaled to describe the entire simulated world even though only _ 


-..* @ small portion of this’ world is visible at any time, vanish 
in a motion picture ‘system, which uses all the resolution . 
capabilities of ‘high+quality. film to store one frame of dis- 

-.- -  . »played information at.a time. ‘The. large dynamic range of the 

+  - projected scene is ‘dccommodated by’the partially programmed 

. passage’ Gf. film through the projector. 


“ # > The! disadvantage of such a scheme is that it is at least, 
partially preprogrammed. It ig important to note, however, — 
that for.éritical maneuvers there are rather precise limits 


oa 


dn exchirsions which can be’ made within a prescribed envelope’ ’. | 
: without jeopardizing the safety of the filming vehicle. This 
@ _ ig, trye not only of the normal maneuvers but~also for those 
O- , oe 7 
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which. must be made in the .event of emergency: conditions: “Tf 
the pilot fails ‘to stay within this envelope, of. safe. maneuver- 
. ing, the. mission will necessarily-be énded,. What -is suggested, - 


then, is a means by which. highly detailed and accurate photo- ~ 


graphic ‘information is made -continuotsly available. to the 
simulation display system in accordance with. the vehicle's 


instantanéous position and attitude, If this information can 


be correctly “pfesented for any point within the permissible 
.enve lope, then it bécomes possible ‘to ‘achieve the unmatched 


realism of motion picture presentation, while still accom- --,-~ 


modating excursions due to maneuvering thé, veniche within ene 
prescrinee boundaries. a ; 
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Various image projection” systems are ,used to: project ‘the 


. generated‘ image onto a suitable viewing surface, Television 
projection systems create a high-intensity image on the face’ 
of a relatively small cathode. ray tube..and then‘enlarge this 
image opti¢ally on a screen. ‘The basic design problem en- 
countered is achieving adequate brightness and resolution. 

In the imaging process, light is lost for two réasons: first, 
“the optical system required for-~ imaging. cannot possibly’ pick 
-up all of the energy radiated from the, face of the cathode 
ray ‘tube since it radiates in alt directiong, ‘and a fixed : 
Separation is required between the’ tube and the optical sys- | 

tems; second, since the area of the screen is mahy times. | 

_ larger than the area of. the cathode ray- tube, the.energy .. 
picked up by' the optical system must be Spread over this rél-. 


atively large area, with a resultant loss in screen brightness 


proportional to, the ratio between the two areas or. to’ the 
square of the aie mils of ene System, ‘s ‘Se \ 


- i) 


' The TV system is capable of being extended to sintittan- 

‘ eous color projection by operating three, systems’ and optically 
adding the three primary colors at ‘the screen. - The exteris ion, 
of high- ightness, TV .projection to color, greatly increases’ 
the cost “and complexity of.the system and the peobtem: of “régi- 
stration among the three color insgees™ 

; Film projection systems do not, suffer’ from the prdBlem 

' Of color registration or from the problem of ‘resolution loss” 

‘ with increased brightness. Color ‘fidelity and registration 

are inherent in the color fjlm-employed, and higher bright- 

ness is simply obtained by increasing the intensity of the 
light source. ‘ . ; 


q 
. 


= A single channel color ; system such as the G. E, Light Valve, ‘where: . 
mixing is within the projection tube, is Ponsederee yy, lower vin cost . 
than the three eh aemeachs . 
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. Because’ of these advantages, the problem of ‘covering - ° 
Large angular fields of view is simplified. With aifilm’ .° 

. “projection system it is easy to athiieve-a brightnéss weld in. - 

‘excess of 10 foot-damberts, and-operation at.this brightneas _ % 

; ‘level. imposes no reliability or maintenance problems. » , | 

~ ct | "es an : rt a < 
~« «, The subjective resolution obtainable by film projection 

~, 1s well known ;from experience in the entertainment industry, + 

Calculations indicate that’ this resolution: is limited: by | .. 
‘g- film characteristics. -With the best avaitable motion picture ° 


fet 


“equipment, taking into account th¢ influence of cameras,.’ 
“copying equipment, ‘etc.:, the findl system-resolution of 70 m.,.” ,: 
color film is’ about 22 line patrs/mm at’ a contrast ratio of 
1.6:1 and 90 line pairs/mf at J contrast yatio of 1000:1:-A  -. . 

' typical VAMP film can regolve“about 35-40 line pairs/m, : 


ic . 
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A further advantage in the use of ‘film projectors, if ~ : 

' ‘they can accept a standard motion picture format, is: that ; 
sevéral decades of operational experience have been’ aécum- 
lated on this type of equipment. ‘This experience has mainly 
been in environments requiring a minimum of: unscheduled: down- 
time and'maintenance practices ‘suitable for moderately skilled 
personnel: working on site. As a result, design principles are 
well ‘known'‘and the mechanisms ‘have been refined to an extremely.’ 
high level of reliability, — — * : eo : ‘2 
: : : a . 

. Visual displays in some.eariy simulators made use of 7 

either télevision monitors or rear-projection screens mounted 

-. , dn the vehicle windows.” These: are unsatisfactory and have — 3 

been outmoded because of large parallax ‘érrors ‘introduced. by 

_ head motion and’ the psychological sense of unreality caused . 

by eye convergence and accommodation. for an, image: located so- 

close to the observer. Present-day systemg use either virtual ° 


* 


+ images (with either refractive or reflective optics) or -large . - 
theater-Cype screens located a considerable distance from the .-’ ; . 


‘trainee. \ -— : 3 | 
A basic refractive infinity-image system (or virtual- 
image system) consists simply of a large plano-convex viewing 
lens mounted outside the simulated cockpit’ or replacinag.'the:. - 
, windows, and asfront or redr-projection screen located, in 
theory, at its focal plane. Any image projected onto the . ae 
screen. and viewed through the;"eyepiece" is thus seen at ine . - - 
. finity. Over a limited field of view, this approach provides,” ~ 


€ . 


reasonably good image’ quality. 


_ For .practical reasons,:these lenses are made of acrylic | 
‘plastic, and their refractive power is limited by the fact | 
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' * Viewing lenses’ tiave ‘been: built’ up to. 36 -inches | in 7 ~ ‘@ 
‘diameter ,, providing a £ield of view of as much as 60 ‘degrees. 


. 4 


that the optical plastic is commércially available only in’ 


. thicknesses ‘up to. four inches. However, eyepieces have: been 
‘built using several plano-cbnvex lenses in tandem in order. to., 
‘. increase lens power: and reduce the F number. Relative aper-. os come 
tures as low as F/1 have bee ested. This permits ‘the 9 yo ° 
, design of a more compact - Peli smaller screens and et : 
_ sequently. brighter images... Unfortunately ,” as’ the FE numbe 
‘gets smaller and the lens powér incréases, «the optical. quality, 


of the simulated ‘scene decreases, and distortion,: color aber- 
rations at the periphery of the field, spherical aberration, . 


‘ and' field curvature become quite noticeable. | ; Pras 


‘ ‘ 
. 


es Asphéric plano-convex viewing lenses with elliptical 


* 


- 


surfaces have been buiit which substantially reduce the probs 
lem .of og anne and produce a flat field for an obser-" 
ver locatéd on-axis. Aspherical ‘lens elements are generally 
‘nade *from-optical glass, ROWEVE® ene large elegpnts: “pecome” 
very exRENS te tat ; _ 


By employing correction ‘techniques’ in, ‘the image-forming ~ @ 
or ‘image projection systema, both the color’ and distortion, 


‘errors can be adequately reduced, as long as extremely low F 


numbers are avoided. Co oo - 

Reflective eyapieces for: ies teyoioane displays have 

been built with excellent optical quality. One version of a 
catoptric ‘virtual~image system. consists, of a spherical mirror 
with the observer located at its: center of curvature. Any 
object located at the spherical focal surface of the ‘mirror 

is’ seen at infinity. This can be physically realized by ,in- ~ 
troducing a beamsplitter at 45 degrees to the center axis 
between mirror and observer and locating a spherical, projec- ' 
tion screen outside the direct field of ‘view. | Since the. _pro- 


“t. 


_jection screen is viewed through the beamsplitter twice, the 


_ transthission‘of the system is at best 20%. Systems of this’ +. 


type are limited in vertical field of view by the problem of ' 
interference. between ‘the spine of sight to the. spherical aieror® 
and the required input surface. : This objection: can’ be over= 
come*if one limits 'the display window's.vertical field -of view, 
or 1f one employs a second beamsplitter and spherical mirror 


- to. generate an aérial image at the focal surface of the views. a 
' ing mirror rather than employ a screen or CRT. ae : ; & 


t . z - 
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ate ae ee More recefitly, a canfiguration for a reflective display ° 
@ system has “beef developed which uses polarized beamsplitters 
ment that compresses the display components into 
: the size that would be required for a efractive 
system... Life the refractive system, this technique /requires 
the use of-réar~-pgaa mpeon screens to provide an object, surface 
. for the display. WRRWimits on angular field are: uncertain 
; it t i because of the effect of varying angles 
‘ ' of incidence .on. the ‘efficiency of polarizing beamsplitters . | 
which directylight. through the system. In principle, however,” 
the concept offers the pdéssibility of eliminating many of ‘the 
aberrations aSsociated with refractive elements, while at the. 
. «Same time creating large fields .of view with relatively small. 


optical elements.” “: 


> The major disadvantage Of beth the dual- eamsplitter : 


ogh 


the order “Of: 4% transmission).™ : 


1 


Be NY P = ; 
No visual system to date has. achieved the ideal objec- 
tive of providing a simulator with. an external visual environ- 
ment that is indistinguishable from the real.world. Indeed, 
- the qualities deganded of-a visual system. by ‘the: human eye 
@ and the human brain are Far in excess of the current state- . 
of-the-art capabilities; in visual simuldtion. _ 
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spherical, mirror approach ‘and the. more compact polarizing ap~ :: * 
; proach is‘ithéir-low light efficiency’: (both Systems have in ., ° 
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oOo ot APPENDIX X, . 
pose SOUND $DAULATION _ Ry Lee 
_ x The complexity and the etary of -sounds exper fenced 


in’ connéction with the multitude of systems within’ the cog- “ 
nizance of the ETSS make’ it essentidl to define the charac--. 
teristics of the: human ear and. body in hearing and feeling 
sounds, Figure 31 (Page K-2/) represents thrésholds- of hearing | 
and feeling [plotted against frequency. . It should be noted that 
the threshold of feeling is approximately constant at 120 deci- 
bels (20 N/m“), which is considerably above the normal gounds © 
heard by the ear, The frequency range for hearing 8 from , _ 
about 60 Hzqto 18 kHz, with maximum sensitivity peauering: at 

2 kHz ; to ‘3 ‘iz... " ; 
boas ee | A malt Atuae of objects emit sented energy. Sdme of this 
bee ae ” énergy is-capable of béing recognized by select, groups of 

. a > species ,, while other groups recognize other portions of this 

ar, energy.” ‘The ETSS will-concern itself only with the synthesis | 
oy COR. sound, or’ feeling” within the spectrum of human comprehension. 
oa “aly, the types ok experiment. to be performed, sound may either . 
Qe ‘reinforce//or, fiidicate 2 specific cue, or act ai a distracting 
, ae meses that aie to’ mask the cue from the subject.’s- attention. 

ha gee aut 2 i 
= ae -Souhd eftecta’ “gay be gdnerated using three tectiniquds: 


Oe de ree 


»_™ 


eae: fp a, es The. Actual soytid | emitter which it “cues at the sac 
cae fe. " appropeiate "mOMERE... fy a es | ' s 4 
2 ta ra i 
ie res By, ” Recordings ‘pa ‘disc ‘or tape ‘of thé desired | sound ‘ 


i: ‘Sattter’. cued ‘at the appropriate. moment.” ’ 
ee oi ee oe . : 
c oe : "s Saind ayntiesds systen periphers! to the com- 
pater cape. a i gta 


or The’ use: of the actual eeane emitter is frequently not 
.. the ‘peat methéd of obtaining desired sound, since the emitter 
7 must be’ interfaced to the equipment used for the experiment; 
ae ‘this’ may be an easy. or-a difficult task, depending on the 
‘. emitter,: The. cueing of the emitter is dependent on how the ~ 
device is interfaced to the’experiment. Also% the use of  ‘ . 
; the: acttial sound-emitter may be precluded by size or safety : . 
tequirements, For.example, the sound of an automobile horn ee, 
‘ may be generatéd by’ using the actual device wired to a com- 
&S puter controtied Felay, but the sound of an aircraft breaking 
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; the "sound barrier" at low level. must be’ generated by sound os 
. Fecordings or synthesis techniques, thereby eliminating the - ; 
. inherent dangers of such a ‘maneuver to the’ personnel perform- _ 
ing the experiment. 7 ; ‘ _ 


« 
‘ 


4? 


__ Assuming that sufficient acoustic power mdy be generated . 
by the amplifier and acoustic transducer driven by.the tape 

recorder, sound; recordings satisfy most.of the requirements 

of the audio system. However, tape- recordings suffer from = = 
delayed access to a particular recording. In contrast, disc. -- , 
Systems may reduce the access time at the penalty of reduced .” o 
recording time. Provided that a suitably powered acoustic fo 
transducer is available, a record/playback system allows an . 

almost unlimited library of sounds to catalogued at the ex- ‘ 


pense of access or recording: time, 


. # The development of a system for sound synthesis copateee 
-- of two equally important phases;  éstablishment of the parame-- . . 
ters and characteristics of the Sound ‘to be’ Synthesized, and: 
development of. the techniques of ‘generating, the desired sounds. 
.A sound synthesis system suitably’ interfaced to a computer 
.allows an al@g@st unlimited library of sounds to be generated. - 
‘with an impereeptibly small access time. :« . : 


Since the. sounds to be generated are those that pertain 
to the range of hearing of human: gubjécta, it is important 
to establish the charagteristics or signatures of the sounds 
- that are anticipated to be of interest in ETSS experiments. 
‘Other sections have discussed the visual and motion aspects 
of vehicles operating in the earth, sea and sky environment; . 
the following :discussion applies. to sound Signatures appli- ? 
cable to a human, subject operating in this environment. Table 
23 (Page X-4) provides’ a short sumhary of sounds that have been | 
synthesized, “This list is by.no- means completé; the variety of 
sounds that may be generated is limited by the problems of : 
sound analysis and implementation, A very important feature 
to be considered in the physigal location offthe sound source 
is the possibility of locating relatively low-power amplifiers 
and loudspeakers at strategic points corresponding to the . 
emanation: point in the actual vehicle. -,Much of the sound a oo 
synthgsis.problem is affected by. subjective ‘considerations; - 
thus absolute fidelity is not as important as providing ° | 
flexibility to allow suitable interfacing with the other en- 


vironmental -factors of ‘the simulated system, G9 


$ 


BOR : 
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ets doe aw TABLE 23/ : | : ve 


: | ~ + SOUND CHARAGTERIST Ics oS ate : 
Baste Aitcraft: Sounds . 2 _Engine Sound’ Synthesis Re- 
me es guirements for Gas Turbine | as a 


a Jet Eagtne’ v 


rans, ue js “ «8 


: a Frequency , 2. Function of, REM, 


’ Turbo Prop Fj deine g . 
: es apt itias, 2 Bunctlon’ of RPM 
; Reciproca’ Aag Enging’ ke) Bee ee i _aad, Thrust 
\ : a A a a ‘ : te - 
ae Auxiliary Systems/ - Components ~ Turbine Whine,. 
3 * Compressor Whine & Jet 
Air H ; Exnauge ‘ 2 
Venkdlation Systems ’ Sueequency: Range - Turbine-- ae 
nn ee ; 80 Hz to 12 kHz 
Tire Sereéc 3 -Compressor-=200 Hz to 8: kHz 
_f i) ae t 23 ‘ Jet exhausere 20: Hz to 600Hz / 
apon Noiges ~ ° on ‘ an : 


Crash Effects co © : 


-t 


-_Unde¥seh Sounds o. Diesel Train Sounds 


Vee ‘. a\ > 
PropeYler Beats & Screw Count © Exploding Torpedo 
; a, wi 


Sonid Sensor Returns OF Mal function Bell : | 

: Marine Biolegical Like, es cule Whistle’ a | 
: eos . } 
Target Signatures a . Engine Bell: . | 
sae i. 
- sieaivon Noises . Sander ! 
_ Deppte® Shifts . Air & Brake ‘Hiss | 
ship Activity (Onboard) : Engine Whine ; : 

*= : Brake Noise 2 


Rail Click & Rumble 
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» . APPENDIX L 
¥ ‘ . 
a : ; 
_ CUSTOM DESIGN STUDIES — 
a? 
1, CUSTOM HARIGVARE DESIGN STUDIES 
a: 


Investigations into hardware necessary to fulfill the 
functional requirements of the ETSS led to Studies aimed at . 
multiple use of as many items of ETSS hardware as possible, 

. ay * . . 


. 


t 


- | There were two reasons for this: — 


~ 


a. Since the ETSS will generally be, uged in one 


experiment at. a time; multipurpose devices will provide 
-attractive cost benefits. a 9 


b. The more functions a given device can perform, 
the fewer instances there will be of equipment, standing idle ~ 
when the facility is in operation. i 

One problem area is the subject station configuration. 
Two studies were performed in this area: one concerned with 


‘ the arrangement of display and control hardware on flexible 


panels; the other.with the use of TV insett ing: techniques, 


Another study was performed to enable a specification 
of the universal ‘terminal to be determined. The universal 
‘terminal acts as the interface between one or more researchers, 
the computing system, and the experiments being performed, - 


Also subject to an analysis was the problem area sur- 
rounding the derivation of a universal math model defining 
the equations of metion of any rigid body supported in any 


medium, The findings are presented later in this appendix, 


The last study in this appendix-is concerned with the 
audio-visual capability of the ETSS, A possible design that 
combines all :the audio-visual features required for the ETSS 
into one devité*is presented. . : 
dol MULTI-PURPOSE EQUIPMENT PATCH PANEL. This study was 
aimed at providing a method of building various panels con- 
taining representations of ald ‘types of controls and displays. 
The ETSS inventory would contain various types of Standard, 
off-the-shelf controls and displays, the only requirement 

es 5, 


ere 
ants 


ial 


WON 
a 
Py , ” 
. . ae! 
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‘being that each item be compat ible with the outputs of the : 
patch board. The panel would be constructed with the hard- 2 
ware required to connect it with the appropriate jacks in the 
. patch board. Wiring on the adapter can be color-coded to 
_ allow for quick, easy recognition of terminal inputs (e.g., 
red.for digital inputs, blue for digital outputs, black for 
"ground wire, yellow for analog Pnpuees green for analog ° 
eee 


To account ‘for eepeeincuee that might be performed with 
a unique instrument, such as an attitude direction indicator ~ 
(ADI), specialized instrument drives will be required. Al- 
though the, driving mechanism will -be an integral part of the 
actual instrument, such’as foynd in aircraft simulators, its 


funetion must be described in, terms of driving forces and . 
“must accurately einulate, within a given tolerance, actual 
operations. . ; ~ 


< 


; Acting mainly as an interface between -panel mockup in- 
strumentation, special physiological experiments and the com-. 
puter complex, the patch board will allow. for complete flexi- . 
bility of experimentation with either different and varying 
panel configurations or discrete electrical components. ‘This 


feature, plus the capability of "quick change" for instrumen> | ~~ @ 
tation, will provide the experimenter with speed and ease of 
‘ implementation. 


Investigation of patchboard design requirements for 


existing simulators dictated the need for capabilities shown , . # 
in the following tabulation: . of ; : : 
COMPUTER -NO. & TYPE OF a 
INPUT /OUTPUT "___ RECEPTACLES ° SIGNAL 
: ° rf ; 
: 32° Analog signal , “3 
Analog to ieee min, bayonet. Analog return 
System ground kacncep) : 

Digital to Analog 32. Analog Signal | 2. = ’ 

min. bayonet. Analog return . 


System ground (screen) ’ 


Digital Inputs 32 Digital signal - he 
‘ min. bayonet. Digital return 
System ground -(screen) 
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COMPUTER NO. & TYPE OF ° a5 
@ ___"_" RECEPTACLES -— 
; 32 - Digital signal 
Digital Outputs * min, bayonet, . Digital return ey 
- es : PA . System ground (screen) 


oo 


Using these specifications for. patchboard design estab- 
lishes the maximum number of instruments to be utilized by 
the experimenter, If the experiment or. exercise calls for 
more than is provided by one patchboard, two can be utilized 
; .to accommodate ‘the incteased instrumentation. Mobility in’ 
this particular case, would. be justified’ for the patchboard 
, hardware. Interconnection between the patchboard and ‘the 
‘linkage system should ‘be such that, in the case of increased 
activity (experimentation), connecting added hardware would: 
e in no way hinder operational standards. ae ‘i 


An examination of existing requirements for the system 
was analyzed to justify the use af 32 receptacles for the ‘ 
A/D's, D/A's, DO's and DI's, For a high-density experiment, 
the ‘number of instruments’ that ‘could be used ranges from 
approximately 10 to an undefined maximim. The number 32 was 
© chosen’ because of its representative and inherent association 
to the 32-channel multiplexer associated with the system. To 
accommodate all computer inputs and outputs will require 128 
‘miniature bayonet receptacles. These receptacles will be 
. color-coded to ease implementation with the color-coded 
wiring. ‘ ° os 
The system just described works well for simple instru- 
mentation such as switches, meters, digital readouts, etc. 
However, to maintain an inventory of complex instrumentation 
' (navigation displays, for example) -would be impractical be- 
~ cause of the cost and the inherent inflexibility of that. 
- type of device. (See Figure 32, Page 1-4). 
Lee Multi-Purpose Compartment. This study is concerned 
with a flexible method for generating a medium-fidelity “re-. 
presentation of the subject's operating compartment’ using 
television production techniques. Basically, the method uses 
special effects to cQmbine a number of television video 
sources to form a composite picture, « The composite picture 
can then be back-projected on a.suitable scréen to achieve. 
realization of the. correct proportions and size of the dis- 
' play. The combination of individual picture elements into a 
@ general background, scene may require three video ‘sources: (See 
, «—“ Figure 33, Page 1-5 ).. : eo 
— : ©, , B09 0 
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Figure 32: Multi-Purpose Patch Panel Sketéh 
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a. 


b. . Black and white external key video 


¢ . 


eee Inset video 


, In practice,‘ the special effects generator transmits 
the background scene for any white signal from the external, ' 
. key video, - Forvany black ‘signal from the external key, the” 
. .° -dnset video is transmitted, ; - 


e 


ye ‘The: position of the external key in relation to the . 
confines of the<TY frame determines the position of’ the in- 
setted video, Since the’ three video sources are in synchro- 
‘nism with each other, the subject’ matter forthe inset video 
‘which is in-thesame relative position as the external key 
Will be insetted into the composite picture in that same rela- 


‘tive position, i é 
‘] | @his is the basic concept used in the generation of a 
. .medium-fidelity ;representation of the training: situation. 
The actual method would use a number of special effects 
generators, external key video sources, inset.scene video 


rs ’ 


- SQurcés and 4 baékground scene video source. 
Lf : as . Bae \ e : 


: - Since this'ig a medium-fidelity representation of the 
_ training situation; the disposition of ‘controls need not be | 
” Fealistic to ‘thé. point of being:in the corvect position... 
' >The composite video representing the instrument panel and. 
‘dynamic instruments is back-projected onto a screen in front | 
' o£. the subject.” A typical complex for ‘an.experimental station 
~ 1s shown in Figure 34 (Page i-7). . oe 
te 3 - An‘ experimental Station of this type could be used for- 
.. «many different applications, each application requiring a 
"minimum of hardware change: ‘Since the prime’ role of this de- 
vice is to portray the interior features,-of an operational 
. device, the mafn inset features (dynamic) will consist of 
iristrumentat ion and the external visual scéne. Typical appli-  * 
* * eations of this device are: eee 
ss a i - 
ae. Alftcraft.cockpi€ similator- 


b. °° Land.vehicle simulator 


ony 
‘ 


x . 


e. Surface ship system gimulator 
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Background video 


J 


Black and white external: key video: 


Inset video — : 
- In practice, the special effects generator transmits 

the Background scene for any white signal.from the external . 
key. video,- For any black signal from the external key, the. 

_ inset video is transmitted. ; ares 


vy ME 


' The position of the external key in relation to the 
confines of the TV frame determines the position of. the in- 
setted video, Since the three: video ‘sourcés are in ‘synchro: .: 

' , nism with each other, the subject matter for.the inset video - _ 

“which is in the same relative position as the ces ee 
- will be insetted into the composite picture in that. samé, rela-- | 
tive position. , ; .. . he ae 

.\, This is the bagic concept used in, the generation of a 
‘medium-fidelity representation. of the. training situation, | 
The actual method’ would use a number of gpecial effects ‘ 
generators, external key video sources, inset scene video 
sources and.a background scene: video gource, : 


. . Since this is a medium-fidelity representation of=:the 
training situation, the disposition of controls need not: be 
realistic to the point of being’ in the coFrect: position.: 

The composite video representing the instrument panel and“ - 
' ,dynamic instruments is back*projected onto a.screéi in front 
of the subject. A typical complex fo# an experimental station 
is shown’in Figure, 34 (Page 1-7). -- ~ 
be tt ‘ 


, ee * ae - 
_., > An experimental station of this type could be used for. 
_, Many..different applications, each ‘application requiring a 
- minimum’ of hardware change*.’ Sirice the prime role of. this de- 
vice is'to portray the interior features of an operational 
device, the rain inset features (dynamic). will consist of p 
instrumentation-and the exterdalvisual scene. Typical -appli-- 
cations.of this device are: °.. ae Sy 


ad 


a,. Airctaft cdckpit simulator 
b. Land vehicle simulator: 
Be Surfade ship’ system simulator 
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~ 


BaSically the synthesized device is ‘vépresented on. the -» " “ 
face of a CRT using a graphic dispkay terminal, Special,* . a 
symbols, vectors and characters - would be ‘genefated and ani- , 


is ‘viewed by a TV camera qquipped, with zoom lens, the size  - 


.of the display is‘ rélatively unimportant, However , larger ' oo 


diameter displays can generally accommodate more symbols. 
By: suitable use of an’ external “key and manipulation’ of, the 


‘zoom lens, the’ desired operational display is represented on, 
-the projected display at the- correct’ size. “Operational dis- 


play phosphor , colors may: be syn¢hesized by use of gelatin 
filters or* judicious usé' of “the chromat ic ecnenols Or a color 


‘TV system. _ . = 3 


¢ ~ 
ae 
. 7 Alois 


_ The- ‘extérn 1 visual scene may also be integrated ‘into 
this. system; This would.be generated using a TV came ra-model 


. system, or a VAMP-type, visual aid being converted to.a video 


signal, ‘ Both methods make use of -relative pepreton within.’ - . 
the TV oe frame and an external Rey. - ae 


The view of an active missile in flight as seen ‘from : 
the launching point may te eneeio a by a combination of the eo 
external visual scene and the graphic display terminal. The 
burning missile exhaust is generated by a bright spat of? ae 


* variable size on the: graphic display. The movements of the. . , 


target: are represented by movements of the TV camera probe ° 
relative to’the fixed-target model, The fixed-visual scene is 
genetated by the background slide. Suitable addition and in- 
sertion’ techniques allow the-compusite scene to be generated. °* 
The computer controls the position and size.of the exhaust 
flare and the hetative position of the target relative to the ‘ 
observer. , 2 : ; . ot 
| 

‘* Alphanumeric messages gre generated by the graphic dis- 
play and TV camera or by.the use of a separate CRT terminal | 
whi¢h generates .a standard raster scan video’signal. The “ 
size and position of messages appearing orr the graphics termi- 
nal. are adjustable by computer and,zoom lens cantrol. Mess ae 
sages appearing on.the CRT terminal, with raster.scan video, Os 
are not generally adjustable in size, or screen position once , 


: generated, . . = 


It should be asattoncd that once a basic collection of . 
devices has been represented, any ‘future devices. may make use 


‘of the earlier experience. . For ‘example ,_ a nepresentel ion of ; : 


. ; a : 
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an. pee cee indicator using a single. rotary ‘pointer may -be ; @ 
transformed into a larger diameter ship engine-room pressure _ ; 
‘indicator by simple intercthang ing pointers and face plates. . - 
‘Suitable zoom lens control ‘determines actual size. 
A TV display has one majo? drawback’ caused by the line 
- ' pattern produced by the raster scan. In order to produce an 
acceptable display in which the line pattern doeg not obscure 
detail nor cause a: noticeable pattern, a resolution of about 
F ‘Gg: ‘minutes ‘of arc per effective line is required.. This is . ‘ 
determined as follows: er 


“Resolation/tine = 120 x FOV . 
7 ” Ny * K r : ca 


. 


,where :_ . ; oe ee oa + 


os 


FOV =. vertical. fieia of view — . 


z 


=z 
aad 
] 


. @, : 
effective number of lines 


K = 0.7 for a 525-line system ee 


= 0.8 for al ,000-Line’ system 


= 0. 9 for a 2 ,000- ~line system 
‘For ‘a tra ining evaluation compartment with a 4- -foot . 
by 3-foot screen arid a 2,000-line system, the subject must 
be seated about 4: feet away from the sdreen; For 1,000- or 
o25-line systems the Subject mae be seated proportionately 
further away. oe » ; : ‘ °= so y 
‘after having determined the screen, sizé and the distance . 
of the subject's eyes from: the sereen, a photograph is made 
of the view from the subject's position in the operational , 
device. It is important that the field of« view of the photo-. 
graph corresponds to the field of view of the gubject viewing - 
the projected scene, ; ty a 
, The multi~purpose compartment’ used for ‘this facility 
_ consists of a compartment in the shape -of an oblong, box + 
approximatély a right- parallelepiped. At one ead is a view-' 
ing screen suitable for back” projection techniques. With 
exception of the projection screen’, the interior.is lined ; 
“with black nonreflective material. To augment the authenticity 7 


tte 
‘ 
¢ ‘ \ 


“ 
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fs @ . of ithe device represented, optional side consoles céntaining... “. - 
‘ Suitable switches and controts nécessary for’ the particular. :.. 
ricated from laths and hardboard, painted and illuminagéd by | 
suitable: intenior fght ing of variable’ intensity.. Controls. 
, for feet. and hands‘may. algo be placed.in the compartment as 
required by the experiment. ° . SS es 


? 


a! 


. * ~ . = y - * ri é 
As mentioned in preVious sections, the video used in, 
the final ‘composite picture is derived from many sources, 
which include:: o 


/ 


ty . ‘ 
é . 


v . i ¢ « ae 
+ a. Basic backgtdéilnd scene. This wili, in-general, 

7 be in color and wilixbe generated using ‘a high-quality camera 
and golor transparency film material. The background scene 
is converted to color video ‘using a htgh-resolution flying- 
Spot scanner.. “s < 

oN 
_b. .. External key. This will consist of a black image 
_,0n,a flat white ground. The black and white areas will be 
viewed by. a monochrome camera. _ 
@ a 3 ‘ ¢. . Inset video. This may come from 4 color TV 
mi ' “camera with a high resolution, flying-spot scanner or an 
external video source, . ~ - | 
oe - d., ‘The’ thrée.video sources are combined: via a 
. -  speéial-effects generator. - ° whe ‘ - 


t 


e, Finally, the composite video is routed to a TV 
_.color projector ‘such as an Eidophor or-Schmidt. 
, The system as: described hag a drawback which is related 
to the "state of the art" TV systems. “ ‘The ‘described system’ 
" for a'3 x 4-foot scréen with the subject 4 feet away requires 
a TV system operating: at 2,000 effective “I es. In the next 
five years, it.is anticipated that such a stem will be de-. 
‘’ veloped and.will’ becorie available at reasonable cost; as a‘ 
‘ result the complex will be a realizable piece training 


a equipment.” a ; ; Pa | ' 


“fal 


- ‘1.3 ° Universal’ Terminal, . This study coricerns ETSS .peri- 
, ° pheral devices. Severdl of the areas have similar require~_ 
_+ .s ments (documentation teadout, timesharing terminal, CRT = 
; @  tertvinal,, etc.). Thé major drawback to the use of standard .” 


2 © ae | NAVTRADEVCEN 69-¢=0267=1-—-——_. a 


=. experiment may be placed inside. These consoles thay be fab-  ——__—_- 


’ 
£ 
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'' CRT terminals for documentation display is the amount of com- 


puter storage required to store text. Thistis an important 
consideration in the study, - . ‘ 
; 


, The universal terminal will be used as an interface 
a between an operator and the centralized computation and data 
Storage center. It will allow the Operator to communicate . 
with the central .computer and the data storage unit with an 
' alphanumeric display. The output from the data storage; unit 
\ will be displayed on a high-definition TV display. On request, 
\ either from the computer or from the operator, either thé 
high-definition TV picture or the alphanumeric display picture 
\ nay be reproduced to give a hard-copy output. A number of 
Similar universal terminals: will be attached to a common inter; 
lease through which the centralized computation and data stor- 
age unit will communicate. It will be possible for the 
perator at the terminal to communicate with other ETSS lab 
areas, other terminals, or other telephone locations by inter- 
: “phone communications. Figure 37 (Page’ L-15) represents an 
‘ artist's impression of the universal terminal. 


> The universal terminal henceforth called the terminal’, 
wfil consist of components shown in Figure 38 (Page 1-16). 
All components will be connected to the common interface. 


: The alphanumeric color CRT system will consist of an 
electronics unit and a monitor unit. The @lectronics’ unit 
will contain the-alphanumeric character refresh memory, a 
data interface and control and timing and driving circuitry 

“required to accept computer and kevboard inputs. Tne cnar- 
acter generator will accept 8-bit coded characters from the 
refresh memory and generate the required ASCII character set.- 
The character refresh memory will be a disc memory’ of suffi- 
clent size to contain a complete page of displayable charac- 
ters, The control unit will respond to both control codes 
and character cédes transmitted to the electronics unit. Con- 
trol codes will be used to define the four colors for:the © 
‘characters following the color code. The data interface will 
permit transmission of 8-bit parallel characters between the’ 
computer common interface and the electronics unit. 


‘ . The monitor unit will be a color TV monitor. A full 
page of displayed information will contain 50 lines; of alpha- 
numerics with*85 characters per line. -The monitor raster 
scan will be in accordance with EIA RS-170 525-line TV with 
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Figure 38, Block Diagram of the Universal ee 


Lede’ 


.slowed down to give a transfer rate “compatible with “the- input 
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two interlaced. fields per frame, ‘Characters will be repre- 
sented by a dot mattix: The displayed page .will be refreshed 
from She display memory at 30 complete: frames per second. 


The keyboard will be provided with a complete set of 
alphabetic and numeric keys for all the syinbols displayable 
on the moniter, In addition, cursor and function keys will 
be provided to-enable the displayed page’ to be edited from 
the keyboard, to control the operation of, the hardcopy device 


.and to communicate with the computer common a 


The high- eee display system will consist of a 
high-definition monitor and a dynamic video memory, The’ 
system will be capable of completely resolving’a document 


‘page (8% x 11 inches) in which the smallest element measures 


14 mils. The high-definition monitor will have sa black and 
white image. The resolution of the*monitor will be,measured 


at the screen corner and at the screen center and will meet . _- 
the stated requirement. “a , 
4 2 ti nw 


‘The dynamic video memory ill be used to " generate a 
continuous image of the same complete frame without discerni- 
ble flicker on the face of the monitor. The video menory * 
will accept source video from the common interface and store 
this video to refresh the monitor when the source video is 
‘absént. The video memory ‘will also ge capable of being ~ 7 


transfer rate of the hard-copy device., The dynamic memory an 
will ‘accept a video inpu€ from.the common interface, and will” | a 
provide a suitable video output to the high- -definitigon thonitor ees a 
and the interface to the hard-copy device, The dynamic memory. - 
will be controlled by signals. from the hard-copy- device inter- 

face. The device wilt ‘produce a complete TV frame from either: ps 4 
the -alphanumeric ‘or the high- -definition display in ‘less. than’ = 

2 seconds:' The resuktant ,hard-copy output will be a ary ye’ ws 
stable- black image on white paper. The resolutipn-of the- ~~) -... 
system will be compatible with that defined for the resolution” a 
of the high-definition display’ for the Gniversal terminal: 


The eetuiaat will biter tues: the ‘havd=couy device to 
either the alphanumeric display or the dynamic memory. The > 
data input fo the pymercoe device interface will be bf two 


CypRes oa soe ae WEP ‘os 
a. Slow. digital video,.frot ithe aynamic memory. 
fw, ne 20°" 
“he Eight-bit “parallel ascit cotle fag the alpha- a 
numeric sale ree ae ae 
: Ce oa tod aa = wee” - + \- 
: > 323. og te . 
a - e€ ., 2. 
_ieli “* — 
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The output from the hard-copy device interface will be. - © 
in a forma _ acceptable to the Heed eeRy: device. . 


. 


t 


The ard-copy device interface. will’ ceceive control -.  *. 
inputs frém the keyboard and control functions Girectly.: 
- from the. ‘common.interfacé, It will provide- suitable. control 
= signals to the dynamic’ memory and the. alphanumeric. display 
= ome the transfer of data. -- . 


° ea 


Besides communicating with the documentation and com- ' : 
putation center over 4a data line,- it will be possible. for i 4 ‘ 
4 a two-way conversation to be held with personnel at other . 
laboratory locations, other terminals or external telephone _ , 
“,. «©. Locations. The terminal will be. provided with a telephone. = -~- 
dial, loudspeaker, microphone, and control buttons, these ~ 
will he built into the _ terminal enclosure, The terminal user’ | - 
by choice of dial codes will also be able to.page-personnel, 
The terminal Will interface-to the control -télephone exchange 
; over conventicnal telephone lines. The only aSsociated de- | 
vice will be. the common interface. : ; 


ey 1.4 Generalized Math Model. An area of visi design us “ 
: study-was concerned with the simulation of trdining devices ; 
in the form of mathematical models, A major area of research: . © 

‘ “must provide for representative simulation of training devices 


to énable ‘complete flexibility in performing high or low- 
fidelity experiments. This capability can include experiments 


% 


peat og Performed in, oe following vehicle types: — . ; ‘ 
. : l. . Air Vehicles - = 7 a , : 
., > — = . ’, a Fixed-wing Se ; - 
: “le gb), Retary-wing- Sa 4 
, ‘ | : ~¢) ilovercraft |, . 4 i = _ ok ° 
a +. 'AX%.STOL ~ — fee ee 
. Pe 7 : < <5 éy~ ~ VSTOL é 7 x: 2 e _ > we t 


Ze _Laad Vehicles - 


. "447 a). Aptomobiles ae oo 
b)' Tracked vehicles . — a 


-¢) Locomotive, _-e 2 - \ 
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- Surface Vehicles 


Ships 
’ Amphibious. vehicles 
‘Hydrofoil 7 
Air-cushion vehicles 


Submerged Vehicles 


* a). Submarines | 
b) Diving bells ‘ 


Simulation of the above systems as indiyidual modules & 
poses no serious problem, However, the need fo flexibilifty ”’ 


“ wand speed of implementation in a working ETSS eliminates this | 


.approach, as does the cost of programming. The: optimum system 
. would be the implementation of a general set of equations 
which allows complete flexibility in simulating 4any system 
that is proposed for an experiment. This concept ef develop- 
ing a math model that is utilized for any’class of ‘systems 
requires definition of the. degree of simulation required by 
the experimental system. Thus the question is posed: "How 
much fidelity is neéded for a particular simulation?" Although 
no measure of simulation fidelity can be attained through a 
general analysis, the question can be answered by inspection 
,of the various parameters involved in the equations ‘as opposed 
to what is needed for the experiment, For example, if the : 


*. + experiment, calls for the simulation of a subsonic fixed-wing 


aircraft and the primary. purpose of the experiment is ‘determi- 
nation of hufman response to a change in pitching velocity, the 
requirement for the coefficients of yaw, ideslip and roll 
might not be needed to attain an end resitt. In this partic- 
ular case the equations of motion with respect to pitching 
velocity would suffice. The determindtion of such Limiting 
factors must be analyzed to reach a greater definition of 
analytic Samulaecon requirements; ~~ 3 ' 

AS part of this study ‘a weneralized Garinttion éf the 
équations of motion for_a_body_ with respect to a gix-degreee. 
of- freedoin base was analyzed as a possible soliftion to the 
‘problem of sdmulating many systems. Specific.requirements 
relating to fidelity.were not considered here, This was done 
because of theAimited time availablé for this portion of the 
study. "The objective was.to determine to what degree a gene 
eralized math model on be Meee. ae an | different type of 


_ extensive study: could ‘be performed dealing specifically with 
simulation fidelity az, this approach proved acceptable. A’ 


, eral flow ‘€omputation for.the multi-purpose equations of 
' motion was formulated. (Figure 10, Page ate 


- single’ program embodying the Newtonian equations of motion of 


ulation). .. oe; . : ; os | 


. Determination ‘of all the’ submodels required .for a comprehen= ° 


_perimenter to. assemble a programmed mdth wodel of any vehicle 
he may desire is, of necessity; extremely complex. The 


‘assembles in "tinker’ toy" fashion must account for each and‘ 
every physical manifestation associated with the motion of 


- study. ae ta . * 2 


FI Pood . 
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“yéhicles (and other systems) mentioned previously. It was 
assumed that prior ‘to incorporation into the ETSS a more .., 


preliminary, mode 1. of.the system for the calculation and gen- 


This eeneraiicad set of: equations Wi ich allows an ex- 


conglomerate of submodels from which he selects and then 


“ 


the whole list of vehicles to be simulated. A single program 
residing’in,the digital computer would be:impractical because 
of its extreme size, However, it is practical to store a 


‘a rigid body in the main computer and’ store. all the other 
submodels on disc files. The exerzutive program in the main 
computer will access to’ the disc files, retriéve the’ desired 
submodels and assemble “them at the command of the experimenter. 

The main computer then need only bp large enough to simulate 

the one vehicle whose assembled program is the largest of the : 
list. The experimenter can build a program to simul'ate a de--=~" 
sired vehicle by using a simple repertoire of assembly com-~ 

mands and inserting thé physical constants (mass, inertias, 

force and.moment coefficients, etc.) associated with his ° 

desired simulated vehicle. : 


Each of the vehiéles can be treated either as a single : 
rigid-body or a combination of rigid bodies coupled into a. — © = 
single system with elastic, friction or damper coupling. The 
_ Single rigid body program,can be used in an iterated fashion 
. ‘ith the results of each iteration ‘coupled through a coupling 
 Fimode to those of the subsequefht .iteration until the motion 
o£ the system.of bodies is determined, for tHe instant in time- 
of interest Wecandeed digital techniques for real time sim- 


Figure: 39, (ake ie 31/7,-22) shows the’ generale computation , 
. £low, The rigid body motion equations are shown in their’en- aa 
. tprety whereas only a..few typical submodule equations are shown 


sive generalized math mode 1 is +a are the’ a of this. 


Pe eat ear ree 


a ee 


,) 
4 
a NN s Fs ‘ - : 
: . ft . ‘ 
"= 1 . ‘ 2 . 
. | 
' . =4 . 
; ‘ oan 
’ a . . se, . 


EALCUTIVE 


DISK PAK PROC 2AM 


WEIGHT AND BALANCE FOR N BODY VEHICLE ‘ 


FUEL WEIGHT’ ow - fw, at Where W, ts fuel expenditure rate 
‘ F : : 
BALLAST eee . bd - ivy dt x Where Wy i ballast PUMPUOK LOSE ame 
- n n * 
PFORES RATE : (500b) we } ‘Where 500b is discrefe for gtoge release > SUMMATION OF MOMENTS 
. ‘ 5 


nm em 
we 


aa dX), 
' me 


(300b) a wy) , 
n 


B 
= 


(500b) mg Yad: 


n 


MOMENTS OF a KL w 
n 


BYERTIA 


zt 


B views ee 
« * 1500) K v,s™ 
bl by 
‘ 6 


. 4 
FINAL WRIGHT AD BALANCE SOLUTIONS DE PEND L PON COMBINING THE ABOVE SOLUTIONS FOR 
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MEIGHT AND BALANCE COMBINATION EXAMPLE , 
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2 1.5 Universal Audio-Visual Device. Another area of special @ | 
ie ; ,study was concerned with combining the various audio-visual 
# capabilities into one device. The functions to be incorpor- 
ated are tabulated in Section IV. ; . 


7 . ‘Figure 41 (Page 1-24 (below)) shows the ‘general arrange- 
‘ment of this device. “!. ae oS "3 
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| Firure 41, Universal Audio-Visual], Device Schem:tic 


The display unit consists of a rear projection screen, 
’ logical circuitry, computer compatible terminals, audio cir- 
, - cuitry, cartridge receptacle, responder input and housing. 
ae The device has, the capability to jump forward and backward 
a on the film strip, based on.response. The “programming' con- + 


‘tained on the film strip or coding could be magnetic or opti- 
- cal. Filmed sequences can be as long as required. The data , 
' * required for operation is read off the required track and’ ° 
- .+ stored, “Each film frame would be made up as shown in Figure 


42 (Page 1-25). _ & o2 oe, @ 
a 2 ry - . : ' ma , ; : , 
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- ‘Magnetic . 4 
' Photo Film... . Pape 


Pictorial 


ae ee a Digital data for ‘ 
- _ "pripgramming" 


- igure sa Typical Frame Content ; 
~ A srendaes ‘cartridge could be used but one- using the - ° 
"Newell principle" (See Figure 43, Page 1-26) ‘might be better’ 
The hardware elements meduaESS for this system are: = 
l. Projection optics. _ - RS TT 
2. W Light source _ : 
3 Cartridge . ' ; te Weg @ x Mee 
4. Cartridge receptacle an a 
as Responder-type input : : 
6. Digital memory. q 
7. Simple control logic for film movement 
oe Audio playback. circuits 
24 Speakers 
- 10. 


Data channels for hookup’ to conputed:, i 


4 


& 


SPECIFICATIONS: 


1 ope Speeds 
Yau 480 240 120° 60/30/15 ips 
Brdtrec uonal. Switch selectable. 


a € 
Pquahzanon > ‘ 
4my lwo speeds electrically switched from front panel. 


Stull Stop Time ns 


1% see maximum at 960 ips ta within flutter specifications 
Preportionatcly less at lower speeds, 100 msec minimunt. 


Turnaround Time . 


20) see macuyniuge at 960 Ips. (0 within flutter specifications, 
Propornonately less at lower speeds. 150 msec. minimum. 


f hitter (cumulative peak-to-peak y ry 
COS midumune ut 960'ips, from 0.2 Hzta 10 kHz 
ad? maainidm at 20 ips. from 0.2 Hz to 10 LH:. - 


. 
b a. , yi r 7 


: 3” 
“0 S.usec between tracks maximum at 960 ips 


. 


Conventionsf Bi-directional Tape Transport -. 
Requires « multpheny of motors (A. BC Dar ’ 
else a complex driving Aystem to transfer, power 
. Tape ss unsupported through most of tts length be 
tween supply und take-up reel, Air is entrapped 
particulasly us speeds urd increased. at head (Fund 
in take-up recl (F), resulting in foss of performance. 
poor tape, “pack”. Ror fast start-stop operation 
mechanical buffer systems are required ut (Cr) amd 


. ‘ (a 
Hood U onfiguration 
Jchannel reed reproduce stack * 


Saimber of Tracks“ 


42 on jeanth tape . (H) because inertia of system coupled through the 

: tape (self 1s too great The tape is thus subjected 

Heid Gap Scatter 2 to undesirable pressures and stresses along its path 
s 


* Wma counches maumum 


fie ad bofe 
Prevaces of DSC OK tps «x hours 


t+ wich ys Response? 7 cae 
wun 380 uke 
aS $M KH : aa 
ett). A SO00LH> A vo 
ao w 2 oun He 4 ‘ rn 1 P . 
tative FS UIT: 7 / , ty . 
, wip, 75 SUOkH: . a Newell Tape Transport | ry ‘ 3 
as yy SH OH . A proprietary tape-tensioning system requires that 
the tape 1s transported yn a continuously suppttted 
sta Nae Kotte ORMS7 RMS 1° ~~ manner ‘past the head from roll to rofl Supp «nt ~ 
"YR meumum —~ take-up rolls have minimum inertia (through elim ~ ’ 
: ‘ ination of flanges). only, a single drive motor 1 
pee a : . required (which in paricake design can he integral 
+SEE meme with the capstan-drum). no torque motors, belts Gr 
: brakes are needed. tape 4 guided and packed with 
‘Harmoegn Disterbon * . “ 
7 7 2 9 extreme uniformity. reversal of direction 1s accont . 
he see : plished extremely rapidly. without tape distortion 
* . 
area Pe H 
tp na lew sd . 
Waisht 7 
2S fhs 
7 F 7 ~~ 
Pisce ¢ . 


ft 2tte volts 2 le, 48 tn 400 Hz, 600 VA average (1600 
4 maumam wree) 


* Lsimt Newell Lape PN- 11613 Lower bandwidth als detershined 
bay interttih cronstalh requirements 


7 > “ 


- a 


Figure 43. . Tape Recorder Drive Utilizing the "Newell * 
‘ : Principle" . 
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APPENDIX Ms 


Nee 


. COMPUTER REQUIREMENTS 


This appendix analyzes requirements for the EFSS computer 
complex and interface system. There are two proven methods of 
‘ accomplishing simulation computations, digital and analog. : 

The digital computer is considered to be superior because. of 
_long-term accuracy, increased availability. and adaptability. 
For these reasons, digital computers are used in.most modern 
simulators. It is fot uncommon, however, for a’part of the 
computational task to be accomplished by analog circuitry ex- 
.ternal-to the digital computer. Some of the factors that ‘ 
might influence’ computations outside the digital computer are: 
- 4, Frequency Response - Where the equations for a system 
exhibit frequency characteristics in excess‘of several cycles 
per second, the computer time is out of proportion to the com- 
plexity of the system. In such cases, analog techniques can * 
offer a substantial problem reduction. Availability can also 
be improved if a reduction ip hardware is achieved, , 


b, Cost Effectiveness - Where the equations for a system 
are quite simple, it is somet‘imes less expensive to implement 
the equations directly in analog form instead of providing ‘the- -+'. 
data conversion equipment necessary to get the appropriate ; 
parameters:' in and‘out of the computer. An example of this is. ° 


simulation of an electrical system. 


c, Computer Sizing - With the proliferation of digital 
computers and associated memory and I/O devices, it is usually * 
"possible to select a systeth ‘which can perform the computational 
task. However, this system can exceed some economic break- 
even point. An example would be a computational task slightly _ 

larger than could be handled. by a single computer. Some analog 
‘computation might eliminate need for a second computer, 

Of the above reasons, only the first is validy> the, others 
appear ta be reasonable at first glance, but’ upon further ex- 
amination are generally found to be false economies, . The use 
‘of external analog computations to minimize interface hard- 
“ware, although appéaring.to reduce cost and improve availabil--. --- 
ity, actually does neither. It is-true that a large. amount of 
interface equipment and computer memory could be eliminated, 
However, digital computers are highly reliable solid-state 
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equipment, whereas added hardware (relays and operational 
amplifiers) are less reliable. Therefore, overall reliability: 
may ‘be decreased. . . 


In addition, maintainability of the system suffers. .Ana- .‘ 
log computers require: periodic adjustments and ‘are more subject ; 
to drift and other errors than digital hardware. Generally, Pe 
the additional maintenance expense necessitated by use of ana-., 
log computing equipment, offsets the saving in hardware. ’ 

The major reason’ for selection pf a digital system is - 
inherent in the function of the. ETSS. Many. modifications are 
contemplated and, to maintain total flexibility, a digital 


hardware approach is considered the’ most feasible. 
; The total computational system envisioned for the ETSS 
.can be considered as consisting of the following: -. 


a. Digital computer where all processing is done . 


b. Real-time interface, which provides communication 
between the digital computer, the simulator; and.the student/ 
experimenter stations. a ; 


* . , ‘ 7 Pv : ~€ ww . 
. ¢. The,.peripheral equipment ;-which allows the.operator © 
to communicate with the digétal computer. 


1. COMPUTER CONFIGURATION ~ : 
The ETSS computer complex will consist of the Following: ~ 7 

* ‘ _————-—~_.. 
1) One or more central processors, , £ 3 ' 


2) Memory for program and data storage. 
3) Input/output channels ‘or processors, 


_ These elements may be organizéd in many different ways. 
To indicate the range of possible organization, three funda- 
mentally different configurations are discussed. _* 

: ‘ 3 - 
‘1.1 SINGLE-PROCESSOR CONFIGURATION. This'configuration - °: 
would consist of a single central processor and input/output - ‘ 
processor. The executive requiréd to,énable a single proces-~ * 
sor to‘perform simulation and experimeritation concurrent ly 
would be necessarily large.and complex, The executive waquld 


€ 


have to provide for, memory protection, 1/0 channel , @ 


. B39 Oy A. : 
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“alidcatioas, etc. for both furictions, as well as the execu- 
« tion of ‘the programs in both functions. This results in a' 
"master" executive controlling the executives required for 
simulation and time sharing. 


An advantage of a single processor would be the flexi- u 


" bility of program and memory assignment, No “duplication of 


routines would-be required,. as comparce to a multiprocessor 
configuration, . “ 


~ 


1.2 : MULTIPROCESSOR CONFIGURATION. A apie opeeeenete config- 


uration consists of two or ‘more central processors sharing  ,. 


‘a common memory bank, as-well® as its own memory bank, . The 


ERIC 


programs. could be structured td allow each CPU to work on 
programs or. routines associated with an experiment and/or ° 
‘simulation, Far ‘example, CPU No. 1 could execute all programs 
required for simulation of:the system being: simulated’ while 


’ CPU No,. 2. could be.running time-shared experiments among the 


experimenter,/student stations. At times- when both functions, 
simulation and experimentation, are ‘nat being processed coris _ 


_currently, added capability (Such ‘as tactics) could be 


derived ‘by utiliaing the idle CPU. for the function. current ly’ 
being. performed, In addition, during. simulation ‘the memory 


banks dre easily accessible to the experimenter, ‘which gives | a 


a real-time capability’ to: the experimenter , to monitor thé 
simulator. Also, the experimenter could modify (under. cer- 
tain conditions) portions of the simulation during real-time | 
Operation and observe theveffect of: these modiftcations. 


1.3 MULTICOMPUTER CONFIGURATION, This configuration con- 
sists of two separate and independent central processors and 
separate 1/0 processors, each working on separate .and inde- . 
pendent memory units, Such an arrangement allocates a sepa- 
rate computer to the ‘simulation and experimentation process, 
permits no shared memory, .and limits communication from com- 
puters to I/O channels. It is obvious that this configura- - 
tion would allow each of the experiments to be run indepen- 


_dently of the others. However, -.it would only provide a , 


somewhat limited interface between real-time exer veencaricn 
and pamirer een : , 


* An addicional problem with this spalteasseion would be 
the inability to utilize the additional core-of the other 
computer for latge-scale problems. 


3 
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This also limits the resecrch application bécause: of-- @: 
‘the: ‘inability to: ‘directly access common data -blocks except . ; ; ei: 
by mass transfer. ; : : - - gs 
1.4 COMPARISON OF CONFIGURATIONS (able 2 24, Page ‘w-5). Three = ° 


possible computer configurations ‘Have been déseribed herein. 
If the. facility were to be utilizéd for off-line analyses. of 
training research, then the single-processor approach would - ‘ 
’ be most desirable. However,, the capability of the-experimenter .’ 
or trainee to interact in a real-time environment with the 
training or simulatfon being performed isa basic function of 
the facility. Based upon the computer loading” estimate of 
Para. 2.1, a single processor of the type required would be 
quite. ‘expensive, In addition, the capability to expand is 
“Limited to the maximum size that a single processor .could be 
configured, and any additional expansion would entail _purchase ; 
. Of: a multiprocessor ‘configuration, ~ “Aniother disadvantage: of . 4 : 
the single processor is that no tasks can’ be. performed if the’: 
processor fails, Based on these disadvantages and.on the > 2 
flexibility required’ of a regearch ec a Ainglé proces- . 
sor was-not deemed acceptable. 4 


vh a 


as A = 


“A mul eicoupeded configuration limits the’ on-. line re- 7 | 

“search. function, In addition," the storage requirements of @- 

oné computer, for a: worst-case type’experiment would have to 

-be: necessarily large, thereby leading ‘to insufficient use 

of core ‘memory storage for ‘the majority of the simulation 

and research function, Additional hardware would also be 

' required to support a ‘multicomputer configuration, For - 

‘these reasons, the multicomputer Eonet enna On is me sected: 
Based upon the above arguments and considering’ -the gpm-. | 

puter loading estimate of Para. 2.1, the multiprocessor Cons _ 


figuration is considered the best configuration based both - 4 
upon functional requirements and cost.consideration. This 3 
configuration would provide the flexibility and expandability v4 2 


required of the research facility, In addition, a somewhat 
limited capability could be ‘procured initially at moderate ; 
cost, and expanded to meet the requirements of the facility. + 


ra COMPUTER PROCESSING e ; ey Pa 


2.4 COMPUTER PROCESSING SPEED AND MEMORY STORAGE REQUIREMENTS, 
Ip order to determine the processing speed .and storage re- 
quired | for the computer complex; it, is neerere to analyze aa 
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~ ee, the anticipated computer loading for the task. - Table 25° 7 _ oe 
_-'.” | *-€Page..m-7) shows an analysis.of the comput ing speed and stor- 
i age required. In addition, this figure is broken down into - -= 


the functional requirements for each type of experimentation. ae ° 
_The system research function ig estimated to require in the - ; 
range of 200,000 to 300,000 instructions per second and 32,000 
to 48,000 words of core memory. These figures. are based on 
. ’ the computer requirements of an operational -£light, trainer 

dg (utilizing a Sigma 5) and are in line with computer réquire~ 

ments experience at Link. This will erable the facility to 
_ perform high fidelity simulation - Avdthout, tactics) of a high - 


- performance aircraft. 7 oe 

Bers It should be noted that the figures given for-.the stees i 
lation of the system research function are scaled for maxi- . . a 

pa” mum fidelity - i.e, the figures have been adjusted to allow © ‘ > 


he 4 ‘for the storage and processing of mathematical. models that 

_ are more detailed and complete than are required for satis- 
factory: simulation, ‘This was done to permit flexibifity in: 
the experimental selection of models to enable optimm models. « - i 

‘for each system -to be determined, 


. 
‘ 
e vee : 4 ‘ 


The computer speed and storage requireuents given for — @ 
the sénsor, training aids, and tactical decigion research . 
function are considered to be similar to a common scientific 
applications time-sharing system, The time required for this 
: time-sharing executive overhead (time sharing only - no sim- . 
~ lation) is considered to be in the range of 250 milliseconds. : 
per second cand the coré memory requirement is estimated at 
approximgtely 14,000 words, This’ core estimate is based on 
‘"... gurrent time- sharing systems, an example being: the Batch Time 
ae ae Sharing Monitor (BTS). of the XDS Sigma 7 which requires ap- 
ye _prbximate ly 14,000- words. In order to have sufficient core 
. | ,  wemory.space for the monitor, buffers, and user prograuis, - : 
ae »the XDS.BTS system requires @ computer size of 48,000 words, 7 
Pas te and recommends 60,000 words. Table 25 (Page 'n-7 ) shows'a 
; ' "2 breakdown of the core memory requirement. _In addition, a dis-. 
oe ~-Phay processor will be: required, and the present PDP~9 ne _ » 
“ ; be utilized in this capacity. S 


ry ‘ i 


Overlay techniques can be used to reduce. core usuery 
requirements for data that can be accessed with a tolerable 
delay. | This technique could’ apply to an index of documents - 
in the video file system. This’ data (approximately' 16,000 : 
words) could be stored in rapid-access devices. ee ee ao @ 


244 
M4 8 Be 


——_ 


. 


SUE PBay7SAQ papntoUT + 
uojysuedxg X03 arzeds sapnytouy » 


£° 


€ 


_> Spz0m 996-08 
487 


eo 
N 


~ STBIOL - 
¢ 7 ak 2 = 


- Bags _ ‘SoTqeL 
ail ee ee > . (squamns0qg) 302g yor7eag 
a Le . “siaygng O/I° - 

° /* (2 ¥8eg) JoRPUO_ - 
(GOTITPpY BuTzeYS sUTL) aaqz3nsaxq 
*. ((8uyMoT TOF .ay2 sapnzsuT )’ 


t 


NAVTRADEVCEN 69-C-0207: 


o 


a : 3 
a ‘ 


* 
‘ 


yoreasay spty Buyuyperzy ~ 
-4yoasvasay uotstoeaq [eBoy Aoe], * 
. yoreasay Atosuasg °* 
SINGIN dxg WAHLO. ° 


998/38SUT 000‘ 007 ¥¥ 


a 


038/38UT “000 ‘00-000 00z yNOLLVINWIS HOYVESTY SWHLSAS * 
NOILONAd add ~ 


9 . . % ¢ 


- 3 : 7 . 


ae  GHAINOAA FOVYOLS INV GugdS. ONILNGWOD "SZ T1AVL ; : 


“ "  @ * +, 4 NAVTRADEVCEN 69-C~020771 
Sr a nn or et 
{he computer loading for the complete facility is-esti- 2 * 
- ‘ated to be approximately 96,000 words of core storage; these. 
figures include_estimates for both the simulation and ‘research 
function to be performed concurrently. A 20 percent. spare 
capability is included. | -, — . oe i : 
‘vAs an example of how the number for the systems reséarch 
function compares with the processor requirements of existing 
flight simulators, it should be noted that a 707 flight ‘simu-_ 


. , lator (GP4 Computer) requires approximately 220,000 instruc-, 
. ‘thions per second, a 747 flightggimulator (Sigma 5 Computer) ~~. 
about 310,000 instructions per aaties, the. F-4E Weapon System « 
* Trainer (GP4 Computer) about 4005 instructions per second, . 
‘and F-111A‘(GP4 Computér) Mission Simlator about 450,900 
.instfuetiong per second. ‘The latter figures reflect the large 
amou be lgptics simulation that ‘is.required for military ~ 
_ simulators... For experiments ‘in the systems research function 
' that require an analysis of flight and tactics simultaneously, 
the added advantages of this shared data pool can be used ‘to 
the maximum and the. system can be reconfigured to enable the 
simulation function to use the additional core memory of the* 
experimentation processor. - ; "4 ow 
‘...° “For problems of this nature, «a less complicated execu- 
-* tiye program:(which does not provide all the services of the. | 
basit-monitor) could replace the time-sharing executive 
. mentioned above... . a a 
The execution time requirements for the ETSS' dictates” 
‘either a large, fast single computér or a medium size multi - 
processor computer, .A large, fast single ptocessor was 
ejected for the reasons cited in Para, 1.4. ~ «7° ., oS 


. 


figurations applicable to ETSS: requirements, These figyres 
were extracted from Auerbach Computer Characteristics 
1969, and the cost figures-dre only approximate. 


) rable 26 (Page M-9 ) represents some typical se Fae con- 
r 


ne - . etailed pricing information on large complexes is dif- | 
' ficult to obtain ‘except by extended negotiations with the 
computer: manufacturer, therefore, only approximate costs are 


presented.‘ The processing speeds shown in Table 26. (Page m-9 )' 
“were obtained by ‘multiplyi&t the computer add time by.a factor 
- of i:3 te obtain .approxiuate average execution time,and then 

taking the’ reciprocal of this figure to obtain processing —. 


- speed'in instructions per second. 
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The scope of this study is such that a single computer Bac © 
y) manufacturer has not been recommended, but rather a computer 
a capability. defined. ; : ; ins : 
, : , e 


3. ADAPTABILITY AND GROWTH CAPABILITY ~~ :  ° #2 2 
Beceuee of the broad nature of the research operation 
and because of the flexibility required for médifying and up-. 
dating programs, it is essential that the ETSS computer com- 
*-:plex. have capability for future growth, At must be possible 
to expand the computer both in processing speed and ‘available 
memory. The requirement for, future expansion dictates that . 
the computer complex be modular in structure so additional 
processors and.memory may be conveniently added. 
3.1 DATA WORD SIZE. Many studies have been conducted to 
investigate word«size required for aircraft simulators. These 
studies have demonstrated that’ a 16-bit word length is ade- 
'. quate for most simulator data, but that 24-30 binary bits are 
'. required to achieve necessary accuracy for certain quantities 
wo that are numerically anceeraree vEEREne an integration time ; 
| + frame, 
This required accuracy could be achiéved by employing : @ 
a 32-bit word length computer, a 24-bit word length computer . 
that provides double precision computation for the few quan- 
lvities requiring more than the 24 bits of accuracy, or a |. ° 
16-bit computer that has double-precision capability for 
integrated’ values, The memory penaity generally associated 
_with use-of machines with 16- or 24-bit words is negligible. 
o The time penalty is small, particularly if the-computer offers 
double-precision hardware. In general, these disadvantages 
. (are*more than offset by differences in cost between the, small- 
» ” word-length machine (1@~ or 24-bit) and the longer-word- 
; length machines (32~26 bit). . For economy'g. sake only, a 
‘smaller-word-length machine might, be selected. However, in 
"s ‘view of varied number of tasks and scope of the simlation , 
problem, a 32- or 36- bit ward length Soupaece would best fit 
ETSS needs. ; a3 ' 7 


The need “for - at least a “32- bit word length computer in 
the ETSS is substantiated by cones erenron of the i 
‘ problems: ; ( 
7 a. Addressing Pecbleua.: - Computer instructions are sub- . 
divided. into operation code, indexing and indirect addressing @. 
bits and address. A machine that utilizes the short word 
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length has few bite for direct ‘addressing and -most-of the 
_computer memory : must be addréssed by indirect addressing or 
‘ indexing. In most cases, this has'the effect of increasing ° 


-execution times of instruetions, thereby reducing the speed - 


of the processor. For small simulators this is not an off -~ 


setting feature; however, in a real-time multiprocessor 
oe it has @ significant ‘effect. 


b. ramming Complications - Because of the rela-’ 
tively ag bits available for addressing, short word length 


- computers are most difficult: to: pEgeres with respect to 
referencing. 


c.: Inefficient Use of Floating-Point Data - Since the 


facility will undoubtedly use a high-level language such as 
Fortran, floating-point hardware is a desirable option, Com- 
_pilers are available for short word length machines but they ' 
generate object code that treats data as floating- point num- 
bers, In some instances,’ object code is run by subroutines. 
on machines that do not have floating-point arithmetic hard- 
ware, Such opezation, however, poses a time penalty on the 
’ program in addition to inefficient use of data words. 
Therefore, on the basis of these éonsidevations.' the 
computer used for eke ETSS should be one. whose more length 
_ is at least 32 bits., 


“3.2 INSTRUCTION REPERTOIRE. The peek ction pececebiee for 
the ETSS compu should not bé consjdered unique for the © 
system.’ Most’ large computer systems have a full range of 
instructions which are adaptable to the requirements of such 
‘a facility. However, for simulation it is necessary to 
specify the desirable types of instruction, which are: 


a, Fixed-Point Arithmetic Instructions - These in- 
structions should: include add, subtract, multiply ‘and divide. 
in both 8ingle-“and ‘double-precision format. . A ‘square root 
_ instruction: is also very desirable for simlator application, 

# 

b. Floating-Point Arithmetic tietvackious - As previ- 
ously mentioned, a hardware.floating-point capability i's 
required fcr efficient utilization of a high- level language 
compiler. Floating-point operations should include at least 


add, subtract, multiply and*divide instructions, A floating- | 


point equare root Aristruction is also desirable, 


a 


a : ot a 
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_c¢, Logical Instructions - This set should contain ~ @ 

; _ unconditional branch, conditional] branch, compare and branch, - 
and branch and store instructions. In addition, the condi~ - 
“Eional branch. nstructions should provide for several condi-, 

.y tions such as branch if a number is positive, branch if a 
number is negative and branch if a number is zero, The com- 
pare and branch instruction should provide for comparison of © 
two numbers with ereceyncerer branches taken Sepending on the 
eceure of comparison, 

d. ‘Boolean Instructions - This should include AND, OR 
and Exclusive OR instructions. It is desirable that Boolean 
instructions operate upon single bits instead of full words. 
and, therefore, bit addressing at least between registers is 
a very desirable capability. Because of the large number of 
Boolean operations inherent in similation,- the’ capability of 
performing bit addressing between registers and memory is also 
very desirable because it will permit all Boolean data to be 

» + packed into full words for storage in the computer. « This 
. ’ capability would enhance handling of Sree raks outputs. 
e. Data Handling Instructions - A set of instructions _= 
must be provided that would enable the computer to transfer . 
. Gata between memory and CPU registers and al8o to input and @ 
output data through I/O channels.’ These should include 
single- and double-precision load and store instxuctions, 
shift instructions, including double-word shiftssand I/O 
block transfer with the block length selectable. If the 
computer has a word length of 32 bits or greater, data hand- 
. ling instructions should permit utilization of halfwords and 
‘bytes as well as whole words. 


4. PERIPHERAL EQUIPMENT | 


Several types of peripheral equipment. are required for 
the ETSS facility (See Table 27, Page M-13), y é 

a, Operator Confrol - A teletypewriter.is considered 
to be the primary device for exercising control during simu- 
, lation and/or experimentation, This enables the’ gperator to 
* communicate with the computer through such programs as utili- 


6 programs, . . 

: . % : ° 

‘ b. Program Loading - Because ‘of the flexible nature of 
the ETSS, a means must be provided to permit rapid loading and = = - 
modification of vatious types OF superineats and similation. @ 
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Programs are usually stored in hard form on cards and, having 
passed an appropriate leader, assembler or compiler, are then 
made available to thé computer through a rapid loading device 
such as magnetic tape, disc, or drum. 


c, Program Modification - Because of the’inherent meng 
of the ETSS facility toa be able to update and modify programs 
as they are being researched, the facility has a need for 
terminal/experimenter stations in a time-sharing mode. As 
presently envisioned, the facility will have at least eight _ 
time~sharing terminals of' the CRT type to enable the experi- 
menter and subjects to communicate with each other and ‘the 
computer, “To enable the facility to offer a flexible time- 
sharing system during an experiment,a high-speed, rapid-access 
device such as a high-speed dise or drum must be available. 


-d, Data Recording - In addition to time-sharing, the 
ETSS mist have capability of recording performance data in a 
real-time mode and being able to analyze data both in a real- 
time and off-line‘mode, To do this requires a disc or drum 
to enable the experimenter to store data as it is being gen- | 
‘erated and recall it at a high.sgcess speed. In order to do : 
this without sacrificing cére memory. storage, it is recommen- 
ded that sufficient disc space’ or drum space be available. In 
addition, some recording of data might be desired to be re- 
tained on magnetic i for more permanent storage. a 

e, Hard Copy Output - The system must, have capability 
to provide hard copy output for dumps, listings, results, 
etc. To provide this, a high-epeed printer is recommended. 


f. Alphanumeric CRT Terminals’- The CRT terminals will 
2 be used for monitoring and control. A display subsystem should 
be used such that one interface is utilized between the com- 
puter.and the CRT subsystem. All multiplexing and refreshing © 
will be accomplished within the CRT subsystem (an example of 
this system is the Data Disc 6500 graphic system)... 


5. COMPUTER SIMULATOR INTERFACE © 


In order to effectively transfer information between the 
digital envircnment of the computer and the analog environ- 
ment of the simulator, interface equipment is required. The 
‘computer interface equipment must be bidirectional - that is, 


\ . it must transfer data into, as well as out AE» - the. computer. 
During ETSS operation, the computer. interface equipment will 
perform three major functions: . 
249° 3 
O_ * ee . ; “ oe . : 
Nes | / s 
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. a. Accept time-mul t iplexed (sequential) output from 
; the computer, generally byte-serial° or word serial and trans- 
@ mitted on a single set of data lines.’ The computer interface 
equipment, in order to properly accept thesé outputs, must 
incorporate a controller with counters, logic and gating for 


steering each ‘output word (or byte) to “its correct destination. 


b. Convert each out put into the form best suited to its 
ultimate use. The conversion may be as.simple as changing 
. voltage levels or current drive eapape lity or it may involve 
| digital-to-anlog conversion, 


c. Store the out puts in sl eaiiel fashion to provide 
_ continuous (nonmultiplex) outputs on separate lines. This 
storage may take the form of flipflops ‘for discrete digital 
outputs or sample-and-hold amplifiers ai analog outputs. 


For input operations the computer inieeeace equipment 
will ‘perform three similar, but slightly different, functions: 


- @, Periodically sample continuously ‘evatieele inputs 
(digital or analog).that are provided on separate lines. 


b. Convert each input to digital forn at levels suitable 
for transfer to the computer. - 


Cc. Transmit the input data to the computer-in byte- 
serial or word-serial (time-multiplexed) fashion. 


‘For inputs as well as outputs, the computer interface equip- 
ment controller must provide the necessary bookkeeping to 
insure that -data are properly routed.‘ 7 


~ 


fy INTERFACE ON THE COMPUTER SIDE. As mentioned previously, 
the computer side of the interface operates in a time-mult 
plexed, or serial mode, A considerable number of fypesvot 
. computer I/O channels are available. The nature of, the 1/0 
channel is‘one of the important parameters affecting the 
_nature of the performance of the computer interface equipment. 


\ 


? 


> Computer: I/O channels generally form one of two major 
classifications: single-word channels and block transfer - 
channels, The single-word channels are unsuitable for ap- 
Plications such as ETSS, which requires the.exchange of large 
‘amounts of information between the ‘computer and interface 
equipment. These channels require execution of an I/O in- - 

struction by the CPU for every’ worg transferred. These 


200 
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-instructions, plus the bookkeeping instructions necessary to 
“establish block limits and timing, impose an undue, burden on r 
the CPU. : ; ; ; , . 


Block transfer channels have the capability of automati- 
cally transferring large blocks of data after being initiated a, : 
by a single set of instructions. The block transfer type of = 4 

_I/O ¢hannel is essential to the ETSS in order to minimize 1/0 


iF 


system demand on processor’time, This is especially true when , 
simulation and experimentation are being preferred simultane- 
ously. , ; : 


Specific implementation of block transfer 1/0 channels 
varies considerably, but major characteristics of most such 
channels can be defined in. terms of four parameters; 


a. Cycle-Stealing - A block transfer channel may or 
may not be a cycle stealer. A cycle-stealing channel is one , * 
that interrupts a CPU for a short period of time (generally 
one memory cycle) for eath information transfer. This usually 
results from the sharing of registers, arithmetic capabilities 
or a common memory bus. Non-cycle-stealing channels are gen- 
erally more expensive than cycle-stealing types but, because 
they possess their, own registers, control logic and memory © 
ports are able to access memory in an’ overlapped fashion to 
minimize CPU time penalties when several memory blocks are 
involved. A non-cycle-stealing I/O channel is desirable for 
the ETSS to minimize CPU delays. "ka 


b. Word or Byte Orientation - Somé block transfer 
channels are word-oriented; that is, a full word is transfer~- } 
ced ‘in: parallel to or .from the. computer interface equipment. 
Other channels are byte-serial in that each word is subdivided 
into two or more bytes that .are transmitted serially fo or 
from the computer interface equipment, Often 'the byte-serial 
1/O channel is further limited in that only one byte is ob-~- 
tained from or stored in memory with every access, In such 

. cases the memory access requirements are increased and the 
data rates are decreased compared with channels that provide 
word assembly/disassembly in the I/O channel. For the ETSS, | 
a word-oriented channel is desirable since the control logic 
in. the computer interface equipment is simplified. The im- 
proved flow rates may or may not be of significance, depend- 

_ ing on whether the actual data rates obtained with specific 

channels meet the specific requirements of the ETSS. 
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c. Multiplexing -, Some block transfer channels are-mul- 

& '  tiplexed so they can servi¢e two or more devices on an inter- 
laced basis according to sdme priority scheme. Such channels 
usually incorporate separate range (and address counters for 
each device interface. Each time access to core memory is; 
obtained, a.word (or byte) of information is* transferred to 
or from the highest-priority-device requesting access,° and 
the appropriate range and address counters are modified. Non- 
multiplexed channels are able to service only: one device at a 
time.. Once a. block transfer is initiated, all other devices so 
are locked out until an entire block of words has been trans-~ ex 
ferred, A mltiplexed 1/0 channel is generally desirable .for 
servicing devices that jare slow in comparison to the I/O chan- . 
nel data rates, ey a non-multiplexed channel is adequate _ 
for devices that can ae at a rate approaching the 1/0 ’ 

. channel rate: Since e computer interface equipment will 
incorporate analog- tordigital and digital-to-analog conver- 
ters, which are relatively slow, ehe ea peannenet type of ‘1/0 
channel is desirable. 


d. Buffering - Some block transfer channels are buffer- 
ed to minimize timing problems. When a channel is not buffer- 


ed, the device must generally respond to a core memory access —~ 
@ - within a specified time frame. In other words, this inter> 
; face is synchronous. A buffered channel, on the other hahd, 


‘provides an asynchronous interface in that the core memory . 
and its devices operate in their own time frame, while a 
buffer register provides storage from the time the data is . 
available until the time it is used. Whether or not a buffer- 
ed channel depends on I/O timing and the distance of the 
device from the computer, as well as other less important 
factors. Generally for servicing computer interface equip- 
ment, a buffered channel is desirable but not essential. 

‘ 4 


5.2 INTERFACE ON THE.SIMULATOR SIDE.’ The simulator side of 

the computer interface_equipment consists of a large number 

of parallel input-output channels, each of which is suitable 

for its intended purpose. In general, the outputs assume 
steady-state values that are updated periodically by. the com- 

puter, Some form of storage is required to maintain the ' 
values between updates, Inputs, on the other hand, are main- 

tained and are sampled periodically by the computer equipment 

‘for transmission to the computer. The’ most common types: of 

I/O channels are: | P . 5 : 
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‘a. Discrete Inputs - These are generally .obtained from 
switches, encoders, or other devices that are essentially . 
discrete or digital in nature. Individual discrete signals 
or individual bits in digital words are. generally grouped 
Into words for transmission to the computer., ~ ie 


b. Discrete Outputs - These are signals used to drive 
lights, relays and similar devices- external to the computer. 
_From the standpoint of interface equipment complexity and . 
data rates, it.is-desirable to group these outputs in the 
game way that the discrete inputs are grouped. But’ since: 
packing of the outputs by the computer may impose a severe 
time penalty, they are often-output in the same form'gener™~ 
ated by the computer. a _ 

; c. Analog Inputs -.Thesé€-are DC analog voltages, 
usually’in the -10 volt to +10 volt range, which are. sampled 
‘periodically and converted to digital form by an analog-to-- 
digital converter for transmission to the, computer.”"~ 


“ 


—_ one. 
‘+g: Analog-Outputs - Theseare DC analog-voltages, 
usually in a range of -10 volts -to.+1) volts, which are up~ 
dated periodically by a digital-to-analog converter that" 
receives inputé from’the computer. One technique employs — 
sample-and-héld. amplifiers, which provide’storage.of the 
analog voltage between updates. Ree eS 


+ 
a 


___e, Synchro/Resolver Outpyts - These are AC analog ‘volt- 
ages, most often 400 Hz, which are used to drive synchros 
and/or resolvers., These are often ‘driven by DC analog out- 
puts. ‘Direct digital-to-synchro converters are also avail- 
able, The selection is’ most often based on comparative costs 


since both provide adequate, performance. 


fo. 


Division of the computer, interfacé equipment into four 
or five types of 1/0 channels as described is almost univer - 
sal, since all simulators require a variety of types of 1/0. 
The ETSS can be expected to require all of these types /of E/0 
channels. ‘The special nature’ of the ETSS, however, dictates ° 
a further division of the problem, This derives from the 
fact that the ETSS is a mlti-function facility, When using 
a single computer complex with a single processer or multir | 
' processor to drive two-or tore functions, a decision mist be 
made as to whether 4 single computer: interface system. should 
be used-to drive the experimentp and simulator or a separate 


computer interface should be used for the experiments and 
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; ” the: bimLator. The main arguments favoring, a single inter-. 
= face systém-are: : a 


7 a. Flexibility - heres a single inbateace system is ° 
< meee to handle both functions, all spare inputs and outputs 
Jar€igvailable for assignment to any of the other functions. 
i" provides. somewhat more flexibility than a situation in' 
twhich each function has. ad own interface equipment includ-. 


“Ang” spares. —_— | oe , 


ee troller is named less expensive than two separate 1 inter- 
“face systems, | 


er ~ 


On the sthex hand, arguments favoring the use of the | 
peRerete interface systems are: 


os 
esas S ta 


“see 


"= e 


~. a, Availability - Wien: a single interface system te 
uséd for both functions, a failure in a crucial- area, such.” 
as. ‘the controiler, or- the maintenance procedures for a 
failure in a less-critical area may necessitate shutdown of-. 
both functions, On the other hand, if such, interface systems . 
are: independent of the others, a failure of one has no effect 
on the others and training and/or experimentation can, proceed _ 
; at a reduced . level. 

wy & ney Br " ~ 

Oy ast Dig pata! ‘Rates. - . In general, -the use ‘of. separate ‘com 

s puter’ Anter face systems coupled with a miltiplexer 1/0 chan~ 

" . nel can. pee Sel 

can cen at a “single computer interface. 


. ee “is. théxefore recommended. ‘that two sis cai ‘inter- - 
“faces + be urtlined ge is ee 


° Seppe Oy 
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Cost * . A gies eaeesce system with a single cone" 
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